The kidney is involved in a wide range of bacterial, viral, fungal, and parasitic diseases. In most systemic infections, renal involvement is a minor component of the illness, but in some, renal failure may be the presenting feature and the major problem in management. Although individual infectious processes may have a predilection to involve the renal vasculature, glomeruli, interstitium, or collecting systems, a purely anatomic approach to the classification of infectious diseases affecting the kidney is rarely helpful because most infections may involve several different aspects of renal function. In this chapter, a microbiological classification of the organisms affecting the kidney is adopted. Although they are important causes of renal dysfunction in infectious diseases, urinary tract infections and hemolytic uremic syndrome (HUS) are not discussed in detail because they are considered separately in 10.1007/978-3-662-43596-0_43," and 10.1007/978-3-662-43596-0_49," respectively.

Elucidation of the cause of renal involvement in a child with evidence of infection must be based on a careful consideration of the geographic distribution of infectious diseases in different countries. A history of foreign travel; exposure to animals, insects, or unusual foods or drinks; outdoor activities such as swimming or hiking; and contact with infectious diseases must be sought in every case. The clinical examination should include a careful assessment of the skin and mucous membranes and a search for insect bites, lymphadenopathy, and involvement of other organs. A close collaboration with a pediatric infectious disease specialist and hospital microbiologist will aid the diagnosis and management of the underlying infection.

A tantalizing clue to the pathogenesis of glomerular disease is the marked difference in the incidence of nephrosis and nephritis in developed and underdeveloped areas of the world. In several tropical countries, glomerulonephritis (GN) accounts for up to 4 % of pediatric hospital admissions; the incidence in temperate climates is 10- to 100-fold less. This difference might be explained by a complex interaction of several different factors, including nutrition, racial and genetically determined differences in immune responses, and exposure to infectious diseases. A growing body of evidence, however, suggests that long-term exposure to infectious agents is a major factor in the increased prevalence of glomerular diseases in developing countries.

Renal involvement in infectious diseases may occur by a variety of mechanisms: direct microbial invasion of the renal tissues or collecting system may take place in conditions such as staphylococcal abscess of the kidney occurring as a result of septicemic spread of the organism; ascending infection commonly occurs due to infection in the urinary tract; damage to the kidney may be caused by the systemic release of endotoxin or other toxins and activation of the inflammatory cascade during septicemia or due to a focus of infection distant from the kidney; ischemic damage may result from inadequate perfusion induced by septic shock; the kidney may be damaged by activation of the immunologic pathways or by immune complexes resulting from the infectious process. In many conditions, a combination of these mechanisms may be operative. In the assessment of renal complications occurring in infectious diseases, the possibility of drug-induced nephrotoxicity caused by antimicrobial therapy should always be considered. The nephrotoxic effects of antibiotics and other antimicrobial agents are not addressed in this chapter but are covered in 10.1007/978-3-662-43596-0_83.

Bacterial Infections {#Sec1}
====================

Bacterial infections associated with renal disease and the likely mechanisms causing renal dysfunction are shown in Table [1](#Tab1){ref-type="table"}.Table 1Likely mechanisms causing renal dysfunction in bacterial infectionsOrganismSite/infectionInfection localized to the kidneySystemic infection; toxin/inflammationIschemia/hypoperfusion; vasomotor nephropathyDistant infection; "immunologic/delayed"Others*Neisseria meningitidis*Septicemia++++Chronic meningococcemia+*Staphylococcus aureus*Renal abscess++Distant abscess/endocarditis++Sepsis++++Toxic shock++++*Staphylococcus epidermidis*Shunt infection++Group A *Streptococcus*Sepsis++++Toxic shock++++APSGN++*Haemophilus influenzae*Brazilian purpuric fever++++*Leptospira interrogans*Leptospirosis, Weil's disease++++*Streptococcus pneumoniae*Sepsis++++Pneumonia+ (HUS) -- neuraminidase associated*Escherichia coli* and *Shigella*Sepsis++++Diarrhea++++ (HUS)Colitis++(HUS)*Salmonella* speciesSepsis+++++Diarrhea+++ (HUS)*Vibrio* speciesCholera++*Klebsiella*Sepsis++++*Yersinia* speciesEnteritis++ (HUS)*Campylobacter jejuni*Enteritis+*Mycobacterium tuberculosis*Tuberculosis++*Treponema pallidum*Syphilis+*Mycoplasma pneumoniae*Pneumonia++ (HUS)*Legionella*Pneumonia+Rhabdomyolysis*Rickettsia rickettsii*Rocky Mountain spotted fever++*Coxiella burnetii*Q fever+*++* frequent complication of infection, *+* uncommon but recognized complication, *APSGN* acute poststreptococcal glomerulonephritis, *HUS* hemolytic uremic syndrome

Systemic Sepsis and Septic Shock {#Sec2}
--------------------------------

Impaired renal function is common in systemic sepsis, and acute kidney injury (AKI) is an independent risk factor for mortality in pediatric sepsis \[[@CR1]\]. Depending on the severity of the infection and the organism responsible, the renal involvement may vary from insignificant proteinuria to AKI requiring dialysis. The organisms causing AKI as part of systemic sepsis vary with age and geographic location and also differ in normal and immunocompromised children. In the neonatal period, group B streptococci, coliforms, *Staphylococcus aureus*, and *Listeria monocytogenes* are the organisms usually responsible. In older children, *Neisseria meningitidis*, *Streptococcus pneumoniae*, group A *Streptococcus*, and *Staphylococcus aureus* account for most of the infections. In people who are immunocompromised, a wide range of bacteria are seen, and, similarly, in tropical countries, other pathogens, including *Haemophilus influenzae*, *Salmonella species*, and *Pseudomonas pseudomallei*, must be considered. Vaccines against *N. meningitides*, *S. pneumoniae*, and *H. influenzae* have reduced the impact of these infections, but their uptake varies in different countries.

Systemic sepsis usually presents with nonspecific features: fever, tachypnea, tachycardia, and evidence of skin and organ underperfusion. The pathophysiology of renal involvement in systemic sepsis is multifactorial \[[@CR2], [@CR3]\]. Hypovolemia with diminished renal perfusion is the earliest event and is a consequence of the increased vascular permeability and loss of plasma from the intravascular space. Hypovolemia commonly coexists with depressed myocardial function because of the myocardial depressant effects of endotoxin or other toxins. The renal vasoconstrictor response to diminished circulating volume and reduced cardiac output further reduces glomerular filtration, and oliguria is thus a consistent and early event in severe sepsis. A number of vasodilator pathways are activated in sepsis, including nitric oxide and the kinin pathways. This may lead to inappropriate dilatation of vascular beds. Vasodilatation of capillary beds leading to warm shock is common in adults with sepsis due to Gram-negative organisms but is less commonly seen in children, in whom intense vasoconstriction is the usual response to sepsis. If renal underperfusion and vasoconstriction are persistent and severe, the reversible prerenal failure is followed by established renal failure with the characteristic features of vasomotor nephropathy or acute tubular necrosis.

Other mechanisms of renal damage in systemic sepsis include direct effects of endotoxin and other toxins on the kidney and release of inflammatory mediators such as tumor necrosis factor (TNF) and other cytokines, arachidonic acid metabolites, and proteolytic enzymes. Leukocyte-endothelial interactions result in physical congestion of the medullary vasculature and further decrease regional blood flow. Nitric oxide (NO) is postulated to play a key role in the pathophysiology of renal failure in sepsis. NO is produced from three cell-specific nitric oxide synthase (NOS) isoforms. Within the kidney, endothelial NOS (eNOS) is expressed in endothelial cells and plays a role in vascular relaxation, inhibition of leukocyte adhesion, and platelet aggregation. Endothelial injury in renal ischemia has been reported to impair the production of NO by eNOS. Inducible NOS (iNOS) has been implicated as an important mediator of vasodilatation and is upregulated within the medulla and the glomeruli in sepsis. The alteration of NOS expression and NO production within the systemic circulation and the kidney has supported the extensive testing of NOS inhibitors in sepsis and renal ischemia \[[@CR4]\]. Trials of selective NO synthase inhibition did not offer any advantages over saline resuscitation \[[@CR5]\]. Activation of coagulation is an important component of the pathophysiology of septic shock and contributes to intraglomerular thrombosis. Tubular injury then leads to cell detachment and intratubular obstruction and tubular backleak. Recovery necessitates the clearance of the necrotic cells and debris as well as the repair of the nonfatally injured cells. Activation of multiple prothrombotic and antifibrinolytic pathways occurs, together with downregulation of antithrombotic mechanisms such as the protein C pathway. Treatment with activated protein C has been shown to improve outcome of adult septic shock, but has not been confirmed to have benefit in pediatric sepsis and may carry a risk of bleeding particularly in infants \[[@CR6]\].

The renal findings early in septic shock are oliguria, with high urine/plasma urea and creatinine ratios, low urine sodium concentration, and a high urine/plasma osmolarity ratio. Once established, renal failure supervenes, and the urine is of poor quality with low urine/plasma urea and creatinine ratios, elevated urine sodium concentration, and low urine osmolarity. Proteinuria is usually present, and the urine sediment may contain red cells and small numbers of white cells.

### Management of AKI in Systemic Sepsis {#Sec3}

The management of AKI in systemic sepsis depends on early diagnosis and administration of appropriate antibiotics to cover the expected pathogens. Reliance on creatinine and urine output to identify AKI (using, e.g., the pediatric RIFLE score \[[@CR7]\]) may in the future be improved using alternative biomarkers, such as neutrophil gelatinase-associated lipocalin (NGAL) \[[@CR2], [@CR8]\]. Management is directed at improving renal perfusion and oxygenation. Volume replacement with crystalloid or colloid should be undertaken to optimize preload. Central venous pressure or pulmonary wedge pressure monitoring is essential to guide volume replacement in children in severe shock. The use of low-dose (2--5 pg/kg/min) dopamine to reduce renal vasoconstriction together with administration of inotropic agents such as dobutamine or epinephrine to improve cardiac output may reverse prerenal failure. Early elective ventilation should be undertaken in patients with severe shock. If oliguria persists despite volume replacement and inotropic therapy, dialysis or hemofiltration should be instituted early, because septic and catabolic patients may rapidly develop hyperkalemia and severe electrolyte imbalance.

In most children who develop AKI as part of systemic sepsis or septic shock, the renal failure is of short duration, and recovery can be expected within a few days of achieving cardiovascular stability and eradication of the underlying infection. Occasionally, renal cortical necrosis or infarction of the kidney may result in prolonged or permanent loss of renal function.

Specific Bacterial Infections Causing Renal Disease {#Sec4}
===================================================

Meningococcus {#Sec5}
-------------

*Neisseria meningitidis* continues to be a major cause of systemic sepsis and meningitis in both developed and underdeveloped parts of the world. In developed countries, most cases are caused by group B and Y strains, particularly after introduction of meningococcal C vaccination, whereas epidemics of meningococcal groups A, C, and W135 continue to occur in many underdeveloped regions of the world \[[@CR9]\]. In 2013, a meningococcal B vaccine was approved for use in Europe, Canada, and Australia, and it has been used in the United States to help control outbreaks (see [www.meningitis.org/menb-vaccine](http://www.meningitis.org/menb-vaccine)). Peak incidence is in infants for group B disease and teenagers and young adults for groups C. However, the disease can occur at any age. There are two major presentations of meningococcal disease: meningococcal meningitis presents with features indistinguishable from those of other forms of meningitis, including headache, stiff neck, and photophobia. Lumbar puncture is required to identify the causative agent and distinguish this from other forms of meningitis. Despite the acute nature of the illness, the prognosis is good, and most patients with the purely meningitic form of the illness recover without sequelae. The most common sequelae is hearing loss and so all children should have a hearing test after discharge \[[@CR10]\].

Meningococcemia with purpuric rash and shock is the second and more devastating form of the illness. Affected patients present with nonspecific symptoms of fever, vomiting, abdominal pain, and muscle ache. The diagnosis is only obvious once the characteristic petechial or purpuric rash appears. Patients with a rapidly progressive purpuric rash, hypotension, and evidence of skin and organ underperfusion have a poor prognosis, with a mortality of 10--30 %. Adverse prognostic features include hypotension, a low white cell count, absence of meningeal inflammation, thrombocytopenia, and disturbed coagulation indices or a combination of these \[[@CR11]\].

Renal failure was seldom reported in early series of patients with meningococcemia, perhaps because most patients died rapidly of uncontrolled septic shock. With advances in intensive care, however, more children are surviving the initial period of profound hemodynamic derangement, and renal failure is more often seen as a major management problem. Children with fulminant sepsis, particularly with Gram-negative organisms including *N. meningitidis*, can develop renal failure in association with rhabdomyolysis \[[@CR12]\].

The pathophysiology of meningococcal septicemia involves the activation of cytokines and inflammatory cells by endotoxin \[[@CR13]\]. Mortality is directly related to both the plasma endotoxin concentration and the intensity of the inflammatory response, as indicated by levels of TNF and other inflammatory markers. Patients with meningococcemia have a profound capillary leak leading to severe hypovolemia. A loss of plasma proteins from the intravascular space is probably the major cause of shock, but myocardial suppression secondary to IL6 production is also important \[[@CR14]\]. Intense vasoconstriction further impairs tissue and organ perfusion, and vasculitis with intravascular thrombosis and consumption of platelets and coagulation factors is also present.

Oliguria is invariably present in children with meningococcemia during the initial phase of the disorder. This is prerenal in origin and may respond to volume replacement and inotropic support. If cardiac output cannot be improved and renal underperfusion persists, established renal failure supervenes. Occasionally, cortical necrosis or infarction of the kidneys occurs. Children with meningococcemia should be aggressively managed in a pediatric intensive care unit, with early administration of antibiotics (penicillin or a third-generation cephalosporin), volume replacement, hemodynamic monitoring, and the use of inotropic agents and vasodilators. If oliguria persists despite measures to improve cardiac output, elective ventilation and dialysis should be instituted early. Because activation of coagulation pathways occurs, severe acquired protein C deficiency may result and is usually associated with substantial mortality \[[@CR15]\]. Protein C is a natural anticoagulant which also has an important anti-inflammatory activity. Despite evidence for impaired function of the activated protein C pathway in meningococcal diseases \[[@CR15]\] and adult trials suggesting benefit of activated protein C administration in septic shock (PROWESS trial) \[[@CR16]\], pediatric trials of activated protein C showed no clear benefit and were associated with increased risk of intracranial bleeding in very young infants \[[@CR6]\]. The role of aPC therapy in pediatric sepsis remains unclear. Most patients who survive the initial 24--48 h of the illness and regain hemodynamic stability will ultimately recover renal function even if dialysis is required for several weeks.

The least common presentation of meningococcal sepsis is chronic meningococcemia. Patients with this form of the illness present insidiously with a vasculitic rash, arthritis, and evidence of multiorgan involvement. The features may overlap those of Henoch-Schonlein purpura or subacute bacterial endocarditis (SBE), and the diagnosis must be considered in patients presenting with fever, arthritis, and vasculitic rash, often accompanied by proteinuria or hematuria. Response to antibiotic treatment is good, but some patients may have persistent symptoms for many days resulting from an immune-complex vasculitis.

*Staphylococcus Aureus* {#Sec6}
-----------------------

Staphylococcal infections may affect the kidneys by direct focal invasion during staphylococcal septicemia, forming a renal abscess, by causing staphylococcal bacteremia, or by toxin-mediated mechanisms, as in the staphylococcal toxic shock syndrome.

*Staphylococcal Abscess*. Staphylococcal renal abscess presents with fever, loin pain and tenderness, and abnormal urine sediment, as do abscesses caused by other organisms. The illness often follows either septicemia or pyelonephritis. The diagnosis is usually considered only when a patient with clinical pyelonephritis shows an inadequate response to antibiotic treatment. The diagnosis is confirmed by ultrasonography or computed tomographic scan, which shows swelling of the kidney and intrarenal collections of fluid. Antibiotic therapy alone may result in cure, and empirical therapy should cover both Gram-positive and Gram-negative organisms until microbiological diagnosis has been achieved. Treatment may require percutaneous drainage alongside antibiotic therapy, which may need to persist for 2--4 weeks. Open drainage may be necessary if this approach has failed \[[@CR17]\].

*Staphylococcal Toxic Shock Syndrome.* The staphylococcal toxic shock syndrome is a systemic illness characterized by fever, shock, erythematous rash, diarrhea, confusion, and renal failure. The disorder was first described by Todd et al. in 1978 in a series of seven children \[[@CR18]\]. During the 1980s, thousands of cases were reported in the United States. Most cases were in menstruating women in association with tampon use. Menstrual and non-menstrual cases are now equally common, including children of both sexes and all ages \[[@CR19]\].

The illness usually begins suddenly with high fever, diarrhea, confusion, and hypotension, together with a diffuse erythroderma \[[@CR20]\]. Mucous membrane involvement with hyperemia and ulceration of the lips and oral mucosa or vaginal mucosa, strawberry tongue, and conjunctival injection are usually seen. Desquamation of the rash occurs in the convalescent phase of the illness. Confusion is often present in the early stages of the illness and may progress to coma in severe cases. Multiple organ failure with evidence of impaired renal function, elevated levels of hepatic transaminases, thrombocytopenia, elevated CPK, and disseminated intravascular coagulation (DIC) is often seen.

According to CDC criteria, the diagnosis is made on the basis of the clinical features of fever, rash, hypotension, and subsequent desquamation along with deranged function of three or more of the following organ systems: the gastrointestinal (GI), mucous membranes, renal, hepatic, hematologic, central nervous system, and muscle. Other disorders causing a similar picture, such as Rocky Mountain spotted fever, leptospirosis, measles, and streptococcal infection, must be excluded.

The staphylococcal toxic shock syndrome is caused by infection or colonization with strains of *S. aureus* that produce one or more protein exotoxins \[[@CR21]\]. Most cases in adults are associated with toxic shock toxin I; in children, many of the isolates associated with the syndrome produce other enterotoxins (A to F). The staphylococcal enterotoxins induce disease by acting as superantigens \[[@CR22]\], which activate T cells bearing specific V beta regions of the T-cell receptor; this causes proliferation and cytokine release. The systemic illness and toxicity are believed to result largely from an intense inflammatory response induced by the toxin. The site of toxin production is often a trivial focus of infection or simple colonization, and bacteremia is rarely observed.

Renal failure in toxic shock syndrome is usually caused by shock and renal hypoperfusion. In the early stages of the illness, oliguria and renal impairment are usually prerenal and respond to treatment of shock and measures to improve perfusion. In severe cases and in patients in whom treatment is delayed, AKI develops as a consequence of prolonged renal underperfusion, and dialysis may be required. In addition to underperfusion, direct effects of the toxin or inflammatory mediators may also contribute to the renal damage. Recovery of renal function usually occurs, but in severe cases with cortical necrosis or intense renal vasculitis, prolonged dialysis may be required.

The management of staphylococcal toxic shock syndrome depends on early diagnosis and aggressive cardiovascular support with volume replacement, inotropic support, and, in severe cases, elective ventilation. If oliguria persists despite optimization of intravascular volume and administration of inotropic agents, dialysis should be commenced early \[[@CR19]\].

Antistaphylococcal antibiotics should be started as soon as the diagnosis is suspected and the site of infection identified. Current advice in the *Red Book* ([http://aapredbook.aappublications.org](http://aapredbook.aappublications.org/)) is that initial empiric antimicrobial therapy should include an antistaphylococcal antibiotic effective against beta-lactamase-resistant organisms and a protein synthesis-inhibiting antibiotic such as clindamycin to stop further toxin production \[[@CR23]\]. If there is a focus of infection such as a vaginal tampon, surgical wound, or infected sinuses, the site should be drained early to prevent continued toxin release into the circulation. The intravenous administration of immunoglobulins may be considered when infection is refractory to several hours of aggressive therapy, an undrainable focus is present, or persistent oliguria with pulmonary edema occurs. With aggressive intensive care, most affected patients survive, and renal recovery is usual, even in patients who have had severe shock and multiorgan failure. Relapses and recurrences of staphylococcal toxic shock syndrome occur in a proportion of affected patients because immune responses to the toxin are ineffective in some individuals.

*Panton-Valentine Leukocidin (PVL)-Producing Staphylococcal Infection*. In recent years, there have been increasing reports of severe staphylococcal disease, associated with shock and multiorgan failure, caused by strains of staphylococci producing the PVL toxin. Panton-Valentine leukocidin (PVL) is a phage-encoded toxin, which profoundly impairs the host response due to its toxic effect on leukocytes (see review \[[@CR24]\]). PVL-producing strains are associated with tissue necrosis and increased propensity to cause abscesses in lung, bone, joint, and soft tissue infections. Perinephric abscesses have been reported \[[@CR25]\]. There are increasing numbers of children and adults admitted with fulminant sepsis and shock due to PVL-producing strains, and renal failure is a significant component of the multiorgan failure. In addition to intensive care support, antibiotic treatment of PVL strains should include antibiotics which reduce toxin production, such as clindamycin, linezolid or rifampicin, as well as vancomycin if the strain is resistant to methicillin. Beta-lactam antibiotics should be avoided, as there is some data to suggest that PVL toxin production can be increased by these antibiotics under some conditions \[[@CR23], [@CR26]\]. Immunoglobulin infusion may also be of benefit. PVL sepsis is often associated with thrombosis, and prophylactic heparin should be commenced in seriously ill patients. Aggressive surgical drainage of all collections requires close consultation with orthopedic and surgical teams.

*Streptococcus Pyogenes* {#Sec7}
------------------------

The group A streptococci (GAS) are extracellular Gram-positive organisms. They are a major worldwide cause of renal disease, usually as poststreptococcal nephritis. However, in addition to this postinfection immunologically mediated disorder, GAS can cause AKI as part of an invasive infection with many features of the staphylococcal toxic shock syndrome.

*Acute Poststreptococcal Glomerulonephritis*. Acute poststreptococcal GN (APSGN) is a delayed complication of pharyngeal infection or impetigo with certain nephritogenic strains of GAS, though many cases of postinfectious GN are unrelated to *Streptococcus* \[[@CR27]\]. Worldwide, the incidence of APSGN is decreasing, although clusters of cases continue to occur \[[@CR28]\]. APSGN after pharyngeal infection is associated with different serotypes as compared to pyoderma and skin infections \[[@CR28]\]. Different strains can be serotyped according to the antigenic properties of the M protein found in the outer portion of the bacterial wall. The pathology and pathogenesis of the disorder is discussed in detail in 10.1007/978-3-662-43596-0_27.

Detection of GAS in patients with APSGN may be possible by culture from the skin or the throat in some patients. Other evidence of infection with a GAS can be obtained through the antistreptolysin-O titer (ASOT), which is increased in 60--80 % of cases. Early antibiotic treatment can reduce the proportion of cases with elevated ASOT to 30 %. Anti-deoxyribonuclease B and anti-hyaluronidase testing has been shown to be of more value than ASOT in confirming group A streptococcal infection in impetigo-associated cases. Decreased C3 and total hemolytic complement levels are found in 90 % of cases during the first 2 weeks of illness and return to normal after 4--6 weeks.

Penicillin should be given to eradicate the GAS organisms. Erythromycin, clindamycin, or a first-generation cephalosporin can be given to patients allergic to penicillin. Early antibiotic therapy can help to prevent the immune response against the streptococcal antigens and thus the progression to glomerulonephritis and other rheumatic fever sequelae. Treatment failures have been thought to be due to the coexistence of beta-lactamase-producing bacteria in the tonsillopharynx or due to streptococci that have invaded the epithelial cells and are protected from the antibiotics. In these instances, amoxicillin was given with clavulanate \[[@CR29]\]. Close contacts and family members who are culture-positive for GAS should also be given penicillin, although antibiotic treatment is not always effective in eliminating secondary cases. Recurrent episodes are rare, and immunity to the particular nephritogenic strain that caused the disease is probably lifelong. Antibiotic prophylaxis is therefore unnecessary.

Most studies suggest that the prognosis for children with APSGN is good, with more than 90 % making a complete recovery. However, 10 % of cases may have a prolonged and more serious course with long-term chronic renal failure \[[@CR30]\].

***Other Streptococci***. APSGN has also been described after outbreaks of group C streptococcal infection. For example, *Streptococcus equi* subsp. *zooepidemicus* has been found responsible for large epidemics in South America \[[@CR31]\]. Group C streptococcal infection has occurred after consumption of unpasteurized milk from cattle with mastitis. Patients developed pharyngitis followed by APSGN. Endostreptosin was found in the cytoplasm of these group C strains, and during the course of the illness, patients developed anti-endostreptosin antibodies. This antigen has been postulated to be the nephritogenic component of GAS.

In addition, strains of group G streptococci have been implicated in occasional cases of APSGN \[[@CR32]\]. Isolates possessed the type M12 protein antigen identical to the nephritogenic type M12 antigen of some group A streptococcal strains.

***Streptococcal Toxic Shock Syndrome and Invasive Group A Streptococcal Infection***. Group A *Streptococcus* causes a severe illness with similarities to the staphylococcal toxic shock syndrome, occurring in both children and adults, associated with invasive group A streptococcal disease \[[@CR33]\]. Patients with this syndrome present acutely with high fever, erythematous rash, mucous membrane involvement, hypotension, and multiorgan failure \[[@CR34], [@CR35]\]. Unlike staphylococcal toxic shock syndrome, in which the focus of infection is usually trivial and bacteremia is seldom seen, the streptococcal toxic shock syndrome is usually associated with bacteremia or a serious focus of infection such as septic arthritis, myositis, or osteomyelitis. Laboratory findings of anemia, neutrophil leukocytosis, thrombocytopenia, and DIC are often present, together with impaired renal function, hepatic derangement, and acidosis. AKI requiring dialysis occurs in a significant proportion of cases.

It is not clear why there are increasing numbers of cases with invasive disease caused by GAS, nor why there has been an emergence of streptococcal toxic shock syndrome and indeed a similar syndrome caused by some *Pseudomonas* and *Klebsiella* strains. The most common antecedent of invasive GAS disease is varicella infection, with the streptococcal infection developing after the initial vesicular phase of the disease is subsiding. Strains causing toxic shock syndrome and invasive disease appear to differ from common isolates of GAS in producing large amounts of pyrogenic toxins that may have superantigen-like activity. Another important mechanism is the production by invasive GAS of an IL8 protease. IL8 serves as a molecular bridge between receptors on neutrophils and the vascular endothelium. Cleavage of this protein prevents neutrophil attachment to the endothelium and results in uncontrolled spread of the bacteria through the tissues \[[@CR36]\]. In severe cases, necrotizing fasciitis occurs with extensive destruction of the subcutaneous tissues and is often associated with multiorgan failure. The pathophysiology of streptococcal toxic shock syndrome and that of invasive disease is similar in that superantigen toxins that induce release of cytokines and other inflammatory mediators play a role in both conditions. However, GAS toxic shock is usually more severe, carries a higher mortality, and is more often associated with focal collections or necrotizing fasciitis.

Treatment of streptococcal toxic shock syndrome depends on the administration of appropriate antibiotics, aggressive circulatory support, and treatment of any multiorgan failure. Surgical intervention to drain the infective focus in the muscle, bone, joint, or body cavities is often required. Antibiotic therapy with beta-lactams should be supplemented by treatment with a protein synthesis-inhibiting antibiotic, such as clindamycin, and it is suggested that this limits new toxin production \[[@CR37], [@CR38]\].

Pooled intravenous immunoglobulins are now in widespread use in the treatment of toxic shock, particularly when caused by *Streptococcus* \[[@CR39], [@CR40]\], though not all studies have reported benefit \[[@CR35]\]. Prospective observational studies have suggested that the concomitant use of immunoglobulin with clindamycin has a positive synergistic effect on mortality \[[@CR41], [@CR42]\]. The role of steroids remains unclear, with their hemodynamic benefit set against the detrimental effects of hyperglycemia secondary to gluconeogenesis \[[@CR43], [@CR44]\]. The benefit of insulin therapy to control hyperglycemia is unclear. A study in adults found that intensive insulin therapy increased the risk of serious adverse events \[[@CR45]\]. In contrast to adult patients, in children with severe sepsis, the use of activated protein C (drotrecogin) cannot be recommended, as in a multicenter trial, fatality was increased in the treatment group \[[@CR6]\]. Recovery of renal function occurs in patients who respond to treatment of shock and the eradication of the infection.

### *Streptococcus Pneumoniae* {#Sec8}

Infection with *S. pneumoniae* is one of the most common infections in humans and causes a wide spectrum of disease, including pneumonia, otitis media, sinusitis, septicemia, and meningitis. Despite the prevalence of the organism, a significant renal involvement is relatively rare but is seen in two situations: pneumococcal septicemia in asplenic individuals or in those with other immunodeficiencies presents with fulminant septic shock in which renal failure may occur as part of a multisystem derangement. The mortality from pneumococcal sepsis in asplenic patients is high, even with early antibiotic treatment and intensive support.

The second nephrologic syndrome associated with *S. pneumoniae* is a rare form of HUS. It accounts for 5--15 % of all HUS cases in children and typically develops 3--13 days after streptococcal infection. The incidence following streptococcal infection is 0.4--0.6 %. Since the introduction of the 7- and 13-valent vaccines, there have been reports of HUS cases caused by strain not covered in the vaccine \[[@CR46]\]. In 1955, Gasser and colleagues described HUS as a clinical entity in children, and they included two infants with pneumonia among the five patients they described \[[@CR47]\]. HUS associated with pneumococcal infection differs in pathophysiology from that caused by the commoner Vero toxin-producing *E. coli. S. pneumoniae* (as well as influenza and *Clostridia* species) produce the enzyme neuraminidase which cleaves sialic acid from the surfaces of exposed cells \[[@CR48]\]. Neuraminidase causes desialation of red blood cells, and possibly other blood cells and endothelium, by the removal of terminal neuraminic acid, which leads to unmasking of the Thomsen-Friedenreich antigen (T antigen) which is present on the surface of red blood cells, platelets, and glomerular capillary endothelia. Normal serum contains antibodies to this antigen which cause a widespread agglutination of blood cells and platelets when the antigen is exposed, resulting in intravascular obstruction, hemolysis, thrombocytopenia, and renal failure. The direct Coombs test is positive in 90 % of cases of streptococcal HUS \[[@CR49]\], either from bound anti-T IgM or from anti-T antibodies. The diagnosis of Thomsen-Friedenreich antibody-induced HUS should be suspected in patients with AKI, thrombocytopenia, and hemolysis after an episode of pneumonia or bacteremia caused by *S. pneumoniae*. Fragmented red blood cells will usually be present on blood film.

Association of HUS with *S. pneumoniae* is defined by culture of pneumococci from a normally sterile site within a week before or after onset of signs of HUS. Clues to a pneumococcal cause, in addition to culture results, include severe clinical disease, especially pneumonia, empyema, pleural effusion, or meningitis; hemolytic anemia; positive results on a direct Coombs test; and difficulties in ABO crossmatching or a positive minor crossmatch incompatibility \[[@CR46]\]. However, when renal disease is seen in the context of severe pneumococcal infection, it is important to maintain a broad diagnostic perspective, because of the frequency of acute tubular necrosis in septic shock and DIC.

Therapy for this syndrome should be with supportive treatment and antibiotics (usually a third-generation cephalosporin); dialysis may be required if renal failure occurs. Because normal serum contains antibodies against the Thomsen-Friedenreich antigen, blood transfusion should be undertaken with washed red blood cells resuspended in albumin rather than plasma \[[@CR50]\]. Exchange transfusion and plasmapheresis have been used in some patients, with the rationale that these procedures may improve outcome by eliminating circulating neuraminidase \[[@CR51]\]. Intravenous IgG has been used in a patient and was shown to neutralize neuraminidase present in the patient's serum \[[@CR52]\].

In comparison to patients with the more common diarrhea-associated HUS, *S. pneumoniae*-induced HUS patients have a more severe renal disease. They are more likely to require dialysis. Their long-term outcome may be affected by the severity of the invasive streptococcal disease itself, and a significant proportion of surviving patients (30--70 %) develop end-stage renal failure \[[@CR53]\]. A review of UK cases found an eightfold increase in early mortality as compared to diarrhea-induced HUS. Fresh frozen plasma should be avoided unless there is active bleeding as there are concerns that the preformed anti-TF antibodies are present in FFP \[[@CR51]\].

### *Leptospira* {#Sec9}

Leptospirosis is an acute generalized infectious disease caused by spirochetes of the genus *Leptospira*. It is primarily a disease of wild and domestic animals, and humans are infected only occasionally through contact with animals. Most human cases occur in summer or autumn and are associated with exposure to *Leptospira*-contaminated water or soil during recreational activities such as swimming or camping. In adolescents and adults, occupational exposure through farming or other contact with animals is the route of infection.

The spirochete penetrates intact mucous membranes or abraded skin and disseminates to all parts of the body, including the cerebrospinal fluid (CSF). Although *Leptospira* do not contain classic endotoxins, the pathophysiology of the disorder has many similarities to that of endotoxemia. In severe cases, jaundice occurs because of hepatocellular dysfunction and cholestasis. Renal functional abnormalities may be profound and out of proportion to the histologic changes in the kidney \[[@CR54]\]. Renal involvement is predominantly a result of tubular damage, and spirochetes are commonly seen in the tubular lesions. The inflammatory changes in the kidney may result from either a direct toxic effect of the organism or immune-complex nephritis. However, hypovolemia, hypotension, and reduced cardiac output caused by myocarditis may contribute to the development of renal failure. In severe cases, a hemorrhagic disorder caused by widespread vasculitis and capillary injury also occurs \[[@CR54], [@CR55]\].

The clinical manifestations of leptospirosis are variable. Of affected patients, 90 % have the milder anicteric form of the disorder, and only 5--10 % have severe leptospirosis with jaundice. The illness may follow a biphasic course. After an incubation period of 7--12 days, a nonspecific flulike illness lasting 4--7 days occurs, associated with septicemic spread of the spirochete. The fever then subsides, only to recur for the second, "immune," phase of the illness. During this phase, the fever is low grade, and there may be headache and delirium caused by meningeal involvement, as well as intense muscular aching. Nausea and vomiting are common. Examination usually reveals conjunctival suffusion, erythematous rash, lymphadenopathy, and meningism.

The severe form of the disease (Weil's disease) presents with fever, impaired renal and hepatic function, hemorrhage, vascular collapse, and altered consciousness. In one series, the most common organs involved were the liver (71 %) and kidney (63 %). Cardiovascular (31 %), pulmonary (26 %), neurologic (5 %), and hematologic (21 %) involvements were less common \[[@CR56]\]. Vasculitis, thrombocytopenia, and uremia are considered important factors in the pathogenesis of hemorrhagic disturbances and the main cause of death in severe leptospirosis \[[@CR57]\]. Urinalysis results are abnormal during the leptospiremic phase with proteinuria, hematuria, and casts. Uremia usually appears in the second week, and AKI may develop once cardiovascular collapse and DIC are present \[[@CR58]\].

The clinical features of leptospirosis overlap with those of several other acute infectious diseases, including Rocky Mountain spotted fever, toxic shock syndrome, and streptococcal sepsis. The diagnosis of leptospirosis should be considered in febrile patients with evidence of renal, hepatic, and mucous membrane changes and rash, particularly if a history of exposure to freshwater is found. Diagnosis can be confirmed by isolation of the spirochetes from blood or CSF in the first 10 days of the illness or from urine in the second week \[[@CR58]\]. The organism may be seen in biopsy specimens of the kidney or skin or in the CSF by dark-field microscopy or silver staining. Serologic tests to detect leptospirosis are now sensitive and considerably aid the diagnosis. Immunoglobulin M (IgM) antibody may be detected as early as 6--10 days into the illness, and antibody titers rise progressively over the next 2--4 weeks. Some patients remain seronegative, and negative serologic test results do not completely exclude the diagnosis. In one series, levels of IgM and IgG anticardiolipin concentrations were significantly increased in leptospirosis patients with AKI \[[@CR57]\]. Leptospirosis is treated with intravenous penicillin or other beta-lactam antibiotics. The severity of leptospirosis is reduced by antibiotic treatment, even if started late in the course of the illness \[[@CR55]\]. Supportive treatment with volume replacement to correct hypovolemia, administration of inotropes, and correction of coagulopathy is essential in severe cases. Dialysis may be required in severe cases and may be needed for prolonged periods until recovery occurs.

Gastrointestinal Infections {#Sec10}
---------------------------

The diarrheal diseases caused by *Escherichia coli*, *Salmonella*, *Shigella*, *Campylobacter*, *Vibrio* spp., and *Yersinia* remain important and common bacterial infections of humans. Although improvements in hygiene and living conditions have reduced the incidence of bacterial gastroenteritis in developed countries, these infections remain common in underdeveloped areas of the world, and outbreaks and epidemics continue to occur in both developed and underdeveloped countries. Renal involvement in the enteric infections may result from any of four possible mechanisms.

*Severe Diarrhea and Dehydration.* Regardless of the causative organism, diarrhea results in hypovolemia, abnormalities of plasma electrolyte composition, and renal underperfusion. If severe dehydration occurs and is persistent, oliguria from prerenal failure is followed by vasomotor nephropathy and established renal failure.

*Systemic Sepsis and Endotoxemia. E. coli*, *Shigella*, and *Salmonella* (particularly *Salmonella typhi*) may invade the bloodstream and induce septicemia or septic shock. AKI is commonly seen in infants with *E. coli* sepsis but is also reported with *Klebsiella*, *Salmonella*, and *Shigella* infections. Its pathophysiology and treatment were discussed previously.

*Enteric Pathogen-Associated Nephritis.* Enteric infections with *E. coli*, *Yersinia*, *Campylobacter*, and *Salmonella* have been associated with several different forms of GN, including membranoproliferative GN (MPGN), interstitial nephritis, diffuse proliferative GN, and IgA nephropathy.

In typhoid fever, GN ranging from mild asymptomatic proteinuria and hematuria to AKI may occur \[[@CR59]\]. Renal biopsy findings show focal proliferation of mesangial cells, hypertrophy of endothelial cells, and congested capillary lumina. Immunofluorescent studies show IgM, IgG, and C3 deposition in the glomeruli, with *Salmonella* antigens detected within the granular deposits in the mesangial areas. In the IgA nephropathy after typhoid fever, Salmonella vi antigens have been demonstrated within the glomeruli.

Yersinia infection has been reported as a precipitant of GN. Transient proteinuria and hematuria are found in 24 % of patients with acute *Yersinia* infection and elevated creatinine levels in 10 %. Renal biopsy reveals mild mesangial GN or IgA nephropathy. *Yersinia* antigens, immunoglobulin, and complement have been detected in the glomeruli. *Yersinia pseudotuberculosis* is well recognized as one of the causes of acute tubulointerstitial nephritis causing AKI, especially in children; patients have histories of drinking untreated water in endemic areas \[[@CR60], [@CR61]\]. The illness begins with the sudden onset of high fever, skin rash, and GI symptoms. Later in the course, periungual desquamation develops, mimicking Kawasaki disease. Elevated erythrocyte sedimentation rate, C-reactive protein level, and thrombocytosis are noticeable, and mild degrees of proteinuria, glycosuria, and sterile pyuria are common. AKI, which typically develops 1--3 weeks after the onset of fever, follows a benign course with complete recovery. Renal biopsy mainly reveals findings of acute tubulointerstitial nephritis. Antibiotic therapy, although recommended, does not alter the clinical course, but reduces the fecal excretion of the organism \[[@CR62]\].

*Enteric Pathogen-Induced Hemolytic Uremic Syndrome.* HUS is characterized by three distinct clinical signs: AKI, thrombocytopenia, and microangiopathic hemolytic anemia. It was first described in 1955 and was associated with infection by Shiga toxin-producing *Shigella dysenteriae*. A major breakthrough in the search for the cause of HUS occurred in the 1980s when Karmali et al. reported that 11 of 15 children with diarrhea-associated HUS had evidence of infection with a strain of *E. coli* that produced a toxin active on Vero cells \[[@CR63]\]. In diarrhea-associated HUS in the United States and most of Europe, *E. coli* 0157:H7 is the most important of these strains. *E. coli* 0157:H7 occurs naturally in the GI tract of cattle and other animals, and humans become infected through contaminated food products. Most outbreaks have been associated with consumption of undercooked meat, but unpasteurized milk and cider, drinking water, and poorly chlorinated water for recreational use have also been implicated as vehicles for bacterial spread. HUS is discussed in detail in 10.1007/978-3-662-43596-0_43.

Mycobacterium Tuberculosis {#Sec11}
--------------------------

The global epidemic of *Mycobacterium tuberculosis* is persisting. Several factors have contributed to this, including the emergence of the human immunodeficiency virus (HIV) infection epidemic, large influxes of immigrants from countries in which tuberculosis (TB) is common, the emergence of multiple-drug-resistant *M. tuberculosis*, and breakdown of the health services for effective control of TB in various countries. The World Health Organization (WHO) estimated that in 2012 there were 8.6 million incident cases of tuberculosis (TB) in the world, a rate of 122 per 100,000 population. Tuberculosis deaths were estimated at 1.3 million. One-third of the world's population is currently infected with TB, and the estimated lifetime risk of developing disease is 5--10 % (<http://www.who.int/mediacentre/factsheets/fs104/en/>).

Mycobacteria, both *M. tuberculosis* and atypical mycobacteria, have also emerged as important causes of opportunistic infection in immunocompromised patients undergoing dialysis and in patients undergoing renal transplantation. The possibility of mycobacterial disease must be considered in patients with fever of unknown origin or unexplained disease in the lungs or other organs. Results of the Mantoux test are often negative, and diagnosis depends on maintaining a high index of suspicion and isolating the organism from the infected site.

*Primary Progressive TB*. Although most infected children successfully contain the infection and enter a state of latency, about 10 % develop progressive primary or postprimary infection, with mycobacteria disseminating to many organs of the body during the lymphohematogenous phase of the disease. Tubercle bacilli can be recovered from the urine in many cases of miliary TB. Hematogenously spread tuberculomata develop in the glomeruli, which results in caseating, sloughing lesions that discharge bacilli into the tubules. In most cases, the renal lesions are asymptomatic and manifest as mycobacteria in the urine or as sterile pyuria.

Tuberculomata in the cortex may calcify and cavitate or may rupture into the pelvis, discharging infective organisms into the tubules, urethra, and bladder. Dysuria, loin pain, hematuria, and pyuria are the presenting features of this complication, but in many cases, the renal involvement is asymptomatic, even when radiologic and pathologic abnormalities are very extensive. Continuing tuberculous bacilluria may cause cystitis with urinary frequency and, in late cases, a contracted bladder. The intravenous urogram is abnormal in most cases. Early findings are pyelonephritis with calyceal blunting and calyceal-interstitial reflux. Later, papillary cavities may be seen, indicating papillary necrosis. Ureteric strictures, focal calcification, hydronephrosis, and cavitation may also be seen. Renal function is usually well preserved, and hypertension is uncommon. In some cases, either the infection itself or reactions to the chemotherapeutic agents may result in renal failure with evidence of an interstitial nephritis \[[@CR64]\].

*Renal TB*. Classic symptomatic renal TB is a late and uncommon complication in children. The average latency period between pulmonary infection with bacillemia and clinical urogenital tuberculosis is 22 years, and renal TB is more commonly seen in adults \[[@CR65]\]. Adult studies have shown that 26--75 % of renal TB coexists with active pulmonary TB and 6--10 % of screened sputum-positive pulmonary TB patients have renal involvement.

The diagnosis is established by isolation of mycobacteria from the urine or by the presence of the characteristic clinical and radiographic features in a child with current or previous TB. Renal TB is treated with drug regimens similar to those used for other forms of TB, with isoniazid, rifampicin, pyrazinamide, and ethambutol administered initially for 2 months and isoniazid and rifampicin then continued for a further 7--10 months. Late scarring and urinary obstruction may occur in cases with extensive renal involvement, and such patients should be followed by ultrasonography or intravenous urogram. Surgical intervention may be required in the form of stenting, percutaneous nephrostomy, or partial or total nephrectomy \[[@CR66]\].

Treponema Pallidum {#Sec12}
------------------

Renal involvement in both congenital and acquired syphilis has an estimated occurrence of 0.3 % in patients with secondary syphilis and between 5 % and 16 % in those with congenital syphilis \[[@CR67]\]. The most common manifestation of renal disease in congenital syphilis is the nephrotic syndrome, with proteinuria, hypoalbuminemia, and edema. In some patients, hematuria, uremia, and hypertension may be seen. The renal disease is usually associated with other manifestations of congenital syphilis, including hepatosplenomegaly, rash, and mucous membrane findings.

Nephritis in congenital syphilis is usually associated with evidence of complement activation, with depressed levels of Clq, C4, C3, and C5. Histologic findings are a diffuse proliferative GN or a membranous nephropathy. The interstitium shows a cellular infiltrate of polymorphonuclear and mononuclear cells \[[@CR68]\]. Immunofluorescent microscopy reveals diffuse granular deposits of IgG and C3 along the glomerular basement membrane (GBM). Mesangial deposits may also contain IgM. On electron microscopy, scattered subepithelial electron-dense deposits are seen, with fusion of epithelial cell foot processes \[[@CR68]\].

Good evidence exists that renal disease is due to an immunologically mediated reaction to treponemal antigens. Antibodies reactive against treponemal antigens can be eluted from the glomerular deposits, and treponemal antigens are present in the immune deposits. Treatment of both congenital and acquired syphilis with antibiotics results in rapid improvement in the renal manifestations \[[@CR68]\].

Mycoplasma Pneumoniae {#Sec13}
---------------------

Renal involvement is surprisingly rare in *Mycoplasma pneumoniae* infection considering the prevalence of this organism and its propensity to trigger immunologically mediated diseases such as erythema multiforme, arthritis, and hemolysis. Acute nephritis associated with *Mycoplasma* infection may occur 10--40 days after the respiratory tract infection \[[@CR69]\]. A few cases of IgA nephropathy have been reported following *Mycoplasma* infection \[[@CR70]\]. Renal histopathologic findings include type 1 MPGN, proliferative endocapillary GN, and minimal change disease \[[@CR71]\]. Antibiotic treatment of the infection does not appear to affect the renal disease, which is self-limited in most cases \[[@CR69]\].

Legionnaires' Disease {#Sec14}
---------------------

Since its recognition in 1976, Legionnaires' disease, caused by *Legionella pneumophila*, has emerged as an important cause of pneumonia. The disease most commonly affects the elderly but has been reported in both normal and immunocompromised children. Renal dysfunction occurs in a minority of patients \[[@CR72]\]. Those who develop renal failure can present with transient azotemia, hematuria, proteinuria, pyuria, or cylindruria. They are usually severely ill, with bilateral pulmonary infiltrates, fever, and leukocytosis. Shock may be present, and the renal impairment has been associated with acute rhabdomyolysis with high levels of creatine phosphokinase and myoglobinuria. Renal histologic examination usually shows a tubulointerstitial nephritis or acute tubular necrosis \[[@CR72], [@CR73]\]. The pathogenesis of the renal impairment is uncertain, but the organism has been detected within the kidney on electron microscopy and immunofluorescent studies, which suggests a direct toxic effect. Myoglobinuria and decreased perfusion may also be contributing factors, however. Mortality has been high in reported cases of Legionnaires' disease complicated by renal failure. Treatment is based on dialysis, intensive care, and antimicrobial therapy with erythromycin \[[@CR72]\]. Steroid therapy may be effective for tubulointerstitial nephritis \[[@CR73]\].

Rickettsial Diseases {#Sec15}
====================

The rickettsial diseases are caused by a family of microorganisms that have characteristics common to both bacteria and viruses and that cause acute febrile illnesses associated with widespread vasculitis. With the exception of Q fever, all are associated with erythematous rashes. There are four groups of rickettsial diseases:The typhus group includes louse-borne and murine typhus, spread by lice and fleas, respectively.The spotted fever group includes Rocky Mountain spotted fever, tick typhus, and related Mediterranean spotted fever and rickettsial pox, which are spread by ticks and mites, with rodents as the natural reservoir.Scrub typhus, which is spread by mites.Q fever, which is spread by inhalation of infected particles from infected animals.

Rickettsial diseases have a worldwide distribution and vary widely in severity, from self-limited infections to fulminant and often fatal illnesses. In view of the widespread vasculitis associated with these infections, subclinical renal involvement probably occurs in many of the rickettsial diseases. However, in Rocky Mountain spotted fever, tick typhus, and Q fever, the renal involvement may be an important component of the illness.

Rocky Mountain Spotted Fever {#Sec16}
----------------------------

Rocky Mountain spotted fever is the most severe of the rickettsial diseases. The incidence has increased over the last decade from less than two cases per million persons in 2000 to over six million in 2010. The mortality has declined to 0.5 % in the same time period. Children under 10 years, those with a compromised immune system and those with a delayed diagnosis are at an increased risk of fatality. Prior to specific antibiotic therapy, the mortality was 25 % (<http://www.cdc.gov/rmsf/stats/>). The onset occurs 2--8 days after the bite of an infected tick, and the majority of cases occur during the summer months. High fever develops initially, followed by the pathognomonic rash, which occurs between the second and sixth days of the illness. The rash initially consists of small erythematous macules, but later these become maculopapular and petechial, and in untreated patients, confluent hemorrhagic areas may be seen. The rash first appears at the periphery and spreads up the trunk. Involvement of the palms and soles is a characteristic feature. Headache, restlessness, meningism, and confusion may occur together with other neurologic signs. Cardiac involvement with congestive heart failure and arrhythmia are common. Pulmonary involvement occurs in 10--40 % of cases. Infection is associated with an initial leukopenia, followed by neutrophil leukocytosis. Thrombocytopenia occurs in most cases \[[@CR74]\].

Histopathologically, the predominant lesions are in the vascular system. Rickettsiae multiply in the endothelial cells, which results in focal areas of endothelial cell proliferation, perivascular mononuclear cell infiltration, thrombosis, and leakage of red cells into the tissues. The renal lesions involve both blood vessels and interstitium, and acute tubular necrosis may occur. Acute GN with immune-complex deposition has been reported \[[@CR75]\], but in most cases the pathology appears to be a direct consequence of the invading organism on the renal vasculature.

Renal dysfunction is an important complication of Rocky Mountain spotted fever. Elevation of urea and creatinine levels occurs in a third of children, and acidosis is common. AKI was associated with increased mortality -- 20 % in a recent Mexican cohort \[[@CR76]\]. Factors at presentation that have been associated with increased risk of developing renal impairment in adults are increasing age, rising bilirubin, thrombocytopenia, and neurological involvement. In one adult case series, factors associated with increased mortality were raised creatinine, raised bilirubin and AST, hypernatremia, thrombocytopenia, increasing age, and neurological involvement \[[@CR77]\]. Prerenal renal failure caused by hypovolemia and impaired cardiac function may respond to volume replacement and inotropic support, but AKI may subsequently occur, necessitating dialysis.

Rocky Mountain spotted fever is diagnosed by the characteristic clinical picture, the exclusion of disorders with similar manifestations (e.g., measles, meningococcal disease, and leptospirosis), and detection of specific antibodies in convalescence. Culture of *Rickettsia rickettsii*, immunofluorescent staining, and polymerase chain reaction (PCR) testing of blood and skin biopsy specimens are available only in reference laboratories. Antibiotics should be administered in suspected cases without awaiting confirmation of the diagnosis \[[@CR74]\]. Doxycycline is the drug of choice for children of any age. Chloramphenicol is also effective. Intensive support of shock and multiorgan failure may be required in severe cases, and peritoneal dialysis or hemodialysis may be required until renal function returns.

Q Fever {#Sec17}
-------

Q fever is caused by *Coxiella burnetii* and has a worldwide distribution, with the animal reservoir being cattle, sheep, and goats. Human infection follows inhalation of infected particles from the environment. The clinical manifestations range from an acute self-limited febrile illness with atypical pneumonia to involvement of specific organs that causes endocarditis, hepatitis, osteomyelitis, and central nervous system disease \[[@CR78]\].

Proliferative GN may be associated with either Q fever endocarditis, rhabdomyolysis, or a chronic infection elsewhere in the body. Tubulointerstitial nephritis (attributed to immune-complex deposition) is usually associated with chronic rather than acute disease. The incidence of renal complications in Q fever is unknown due to the small numbers of case reports, but a recent case series of 54 patients demonstrated that 33 % had renal failure \[[@CR79]\]. Renal manifestations range from asymptomatic proteinuria and hematuria to AKI, hypertension, and nephrotic syndrome. Renal histologic findings are those of a diffuse proliferative GN, focal segmental GN, or mesangial GN. Immunofluorescent studies reveal diffuse glomerular deposits of IgM in the mesangial, together with C3 and fibrin. *Coxiella burnetii* antigen has not been identified within the renal lesions. IgG antibodies to cardiolipin and lupus anticoagulant have been demonstrated in acute-phase serum samples \[[@CR80]\].

Treatment of the underlying infection may result in remission of the renal disease, but prolonged treatment may be required for endocarditis. Doxycycline is the first line recommended treatment for adults and children and has not been linked to dental staining as occurs with other tetracyclines and so can be used in children of all ages who are hospitalized with Q fever \[[@CR81]\]. Co-trimoxazole has been used as a safe alternative (deemed safe in pregnant women) as has clarithromycin. In the acute setting, treatment should continue until 3 days after the fever has subsided (usual duration is 2--3 weeks). Chronic infection requires a longer treatment, usually 18 months (CDC recommendation).

Intravascular and Focal Bacterial Infections {#Sec18}
============================================

Nephritis has been reported in association with the presence of a wide range of microorganisms that cause chronic or persistent infection (Table [2](#Tab2){ref-type="table"}). It is likely that any infectious agent that releases foreign antigens into the circulation, including those of very low virulence, can cause renal injury either by deposition of foreign antigens in the kidney or by the formation of immune complexes in the circulation, which are then deposited within the kidney. Nephritis is most commonly seen in association with intravascular infections such as SBE or infected ventriculoatrial shunts, but it is also seen after focal extravascular infections; ear, nose, and throat infections; and abscesses.Table 2Focal infections causing glomerulonephritisSite of infectionOrganismInfective endocarditisCoagulase-negative staphylococci*Staphylococcus aureusStreptococcus pneumoniaeViridans* streptococci*Enterococci*Anaerobic streptococciDiphtheroids*Haemophilus influenzae*Coliforms*BacteroidesCoxiella burnetiiLegionellaCandida albicans*Shunt infectionsCoagulase-negative staphylococci*Staphylococcus aureus*DiphtheroidsGram-negative bacilliAnaerobesFocal abscess*Staphylococcus aureus*Gram-negative bacilliOsteomyelitis*Staphylococcus aureusStreptococcus pyogenes*PyelonephritisColiformsPneumonia*Streptococcus pneumoniaeKlebsiellaStaphylococcus aureusMycoplasma*Otitis media*Streptococcus pneumoniaeStaphylococcus aureus*Gastrointestinal infection*YersiniaCampylobacterSalmonellaShigella*

Bacterial Endocarditis {#Sec19}
----------------------

Renal involvement is one of the diagnostic features of bacterial endocarditis. Virtually all organisms that cause endocarditis also produce renal involvement (Table [2](#Tab2){ref-type="table"}). Although endocarditis caused by bacteria is the most common and is readily diagnosed by blood culture, unusual but important causes of culture-negative endocarditis include Q fever and *Legionella* infection. In the immunocompromised individual, opportunistic pathogens such as fungi and mycobacteria are important causes.

The usual renal manifestations of SBE are asymptomatic proteinuria, hematuria, and pyuria. Loin pain, hypertension, nephrotic syndrome, and renal failure may occur in more severe cases.

The renal lesions occurring in endocarditis are variable, and focal embolic and immune-complex-mediated features may coexist \[[@CR82], [@CR83]\]. Embolic foci may be evident as areas of infarction, intracapillary thrombosis, or hemorrhage. More commonly, there is a focal necrotizing or diffuse proliferative GN. Immunofluorescent studies show glomerular deposits of IgG, IgM, IgA, and C3 along the GBM and within the mesangium. Electron microscopy reveals typical electron-dense deposits along the GBM and within the mesangium \[[@CR82]\].

Early reports suggested that the renal lesions were caused by microemboli from infected vegetations depositing in the kidney, a hypothesis supported by the occasional presence of bacteria within the renal lesions. Most subsequent evidence, however, indicates that immunologic mechanisms rather than emboli are involved in the pathogenesis in most cases: bacteria are rarely found within the kidney, and renal involvement occurs with lesions of the right side of the heart, which would not be likely to embolize to the kidney. Immune complexes containing bacterial antigens are present in the circulation, and both bacterial antigens and bacteria-specific antibodies can be demonstrated within the immune deposits in the kidney. Serum C3 level is usually low, and complement can be found within both the circulating and the deposited immune complexes. These features all support an immune-complex-mediated pathogenesis of the renal injury.

Treatment of the endocarditis with antibiotics usually results in resolution of the GN and is associated with the disappearance of immune complexes from the circulation and return of C3 levels to normal. The prognosis of the renal lesions in SBE generally depends on the response of the underlying endocarditis to antibiotics or, in cases of antibiotic failure, to surgical removal of the infective vegetations \[[@CR84]\].

### Shunt Nephritis {#Sec20}

In patients previously treated by shunting for hydrocephalus, there is a well-documented association of GN with infected ventriculoatrial shunts. The incidence of shunt nephritis has decreased due to the preference of ventriculoperitoneal shunts over ventriculoatrial shunts; however, shunt nephritis has been reported with the former \[[@CR85]\]. Coagulase-negative staphylococci are the causative organisms in 75 % of cases. It is an immune-complex disease with chronic hyperantigenemia, hyperglobulinemia, and the deposition of immunoglobulins, complement, and immune complexes on the glomerular basement membrane \[[@CR86]\]. The clinical and pathologic findings are similar to those in SBE. Presenting features are proteinuria, hematuria, and pyuria, and they may progress to renal failure. Immune complexes containing the bacterial antigens and complement are present in the serum, and C3 is depressed. Histologic findings are those of a diffuse mesangiocapillary GN. The prognosis for the renal lesion is good if the infection is treated early. This usually involves removal of the infected shunt or replacement of a VA with a VP shunt and administration of appropriate antibiotics, though possible progression to end-stage renal disease requires frequent renal monitoring of patients with ventriculoatrial shunts \[[@CR87]\]. Certain case reports have also seen benefit with the use of steroids as adjunctive therapy \[[@CR88]\].

### Other Focal Infections {#Sec21}

GN has been reported after chronic abscesses, osteomyelitis, otitis media, pneumonia, and other focal infections (Table [2](#Tab2){ref-type="table"}). AKI has been the presenting feature of focal infections in various sites, including the lung, pleura, abdominal cavity, sinuses, and pelvis. Many different organisms have been responsible, including *S. aureus*, *Pseudomonas*, *E. coli*, and *Proteus* species. This is probably another example of immune-complex GN. C3 level is decreased in approximately one-third of reported cases, and immunofluorescent studies reveal diffuse granular deposits of C3 in the glomeruli of all reported instances, with a variable presence of immunoglobulin. The renal lesion is that of MPGN and crescentic nephritis. The renal outcome is reported to be good with successful early treatment of the underlying infection.

Viral Infections {#Sec22}
================

The role of viral infections in the causation of renal disease has been less well defined than that of bacterial infections. Clearly defined associations of renal disease have been made with hepatitis B virus (HBV), hepatitis C virus (HCV), HIV, and hantaviruses, but the role of most other viruses in the pathogenesis of renal disease is not clearly defined. Most viruses causing systemic infection may trigger immunologically mediated renal injury. With increasing application of molecular techniques, it may be that a significant proportion of GNs currently considered to be idiopathic will ultimately be shown to be virus induced. In children with immunodeficiency states and those undergoing renal transplantation, viruses such as cytomegalovirus (CMV) and polyomavirus have been recognized to be associated with nephropathy.

Hepatitis B Virus {#Sec23}
-----------------

About 2,000 million people alive today have been infected with hepatitis B at some point in their lives, of these 350 million become chronically infected and are carriers of the disease. There are an estimated four million acute cases per year, and per year 25 % of carriers (one million) die from cirrhosis, chronic active hepatitis, or primary hepatocellular carcinoma. The infection is most common in Africa and the Orient, where it is acquired in childhood by vertical transmission from infected mothers or by horizontal transmission from other children or adults. In developed countries, transmission in adults occurs more often by blood product exposure, sexual contact, or intravenous drug use. The epidemiology of HBV infection in children is changing following the widespread use of effective vaccination at birth, in both developed and developing countries.

HBV is a complex DNA virus with an outer surface envelope (HBsAg) and an inner nucleocapsid core containing the hepatitis B core antigen (HBcAg), DNA polymerase, protein kinase activity, and viral DNA. Incomplete spherical and filamentous viral particles consisting solely of HBsAg are the major viral products in the circulation and may be present in concentrations of up to 1,014 particles per milliliter of serum. Hepatitis B e antigen (HBeAg) can be released from HBcAg by proteolytic treatment and may be found in the circulation either free or complexed to albumin or IgG antibodies. The presence of HBeAg correlates with the presence of complete viral particles and the infectivity of the individual. Infection with HBV may result in either a self-limited infectious hepatitis followed by clearance of the virus and complete recovery, or a chronic or persistent infection in which the immune response is ineffective in eliminating the virus. Chronic HBV infection with continued presence of viral antigens in the circulation caused by an ineffective host immune response provides the best-documented example of immunologically mediated renal injury caused by persistent infection. The risk of chronic infection varies inversely with age with 90 % of infants infected at birth developing chronic infection, compared to 25--50 % of children infected between 1 and 5 years and 1--5 % of people infected as older children and adults. Chronic infection is also common in those with immunodeficiency.

### Patterns of Hepatitis B Virus Immunologically Mediated Renal Disease {#Sec24}

Several forms of renal disease secondary to hepatitis B infection have been identified including membranous glomerulonephritis, mesangioproliferative glomerulonephritis, as well as IgA nephropathy and focal segmental glomerulosclerosis (FSGS) \[[@CR89]\]. Hepatitis B has also been linked with polyarteritis nodosa (PAN).

*Prodromal Illness*. In the early prodromal phase of HBV hepatitis, before the onset of jaundice, some patients develop fever, maculopapular or urticarial rash, and transient arthralgias or arthritis. Occasionally, proteinuria, hematuria, or sterile pyuria is observed. The syndrome usually lasts 3--10 days and often resolves before the onset of jaundice \[[@CR90]\]. There have been no histologic studies of the renal changes during this prodromal period.

***Hepatitis B Virus-Associated Polyarteritis Nodosa.*** HBV infection is associated with polyarteritis nodosa, a vasculitis affecting the small- and medium-sized vessels (HBV PAN). Most of these cases have been in adults, but the disorder has also been reported in children, where it is estimated that approximately one-third of PAN cases are caused by HBV \[[@CR91], [@CR92]\]. HBV PAN appears to be uncommon in Africa and the Orient, where infection is usually acquired in childhood, and has declined in incidence following the introduction of HBV vaccination \[[@CR93]\].

HBV PAN presents weeks to months after a clinically mild hepatitis but may occasionally predate the hepatitis. After a prodromal illness, frank vasculitis affecting virtually any organ appears. Abdominal pain, fever, mononeuritis multiplex, and pulmonary and renal involvement may occur and can be the first clinical presentation of hepatitis B \[[@CR94]\]. The renal involvement may appear as hypertension, hematuria, proteinuria, or renal failure. Laboratory investigations reveal a florid acute-phase response, leukocytosis, and anemia. Transaminase levels are usually elevated, and HBsAg is present in the circulation. The pathology consists of focal inflammation of small- and medium-sized arteries, with fibrinoid necrosis, leukocyte infiltration, and fibrin deposition. Renal pathology may be limited to the medium-sized arteries or may coexist with GN \[[@CR95]\]. Circulating immune complexes containing HBsAg and anti-HBs antibodies are usually present in the circulation. C3, C4, and total hemolytic complement levels are depressed. A positive ANCA excludes HBV PAN \[[@CR93]\]. Although most evidence suggests that the pathogenesis involves an immune-complex-mediated vasculitis, autoantibody- or cell-mediated vascular injury may coexist. If the condition is untreated, the mortality is high. Most studies suggest that steroids or immunosuppressants help to suppress the vasculitis but potentially predispose to chronic infection or progressive liver disease. Successful treatment of hepatitis B-associated PAN with nucleoside analogues such as lamivudine or newer antiviral drugs, either alone or in combination with interferon-alpha and conventional immunosuppressive therapy, has been reported \[[@CR93], [@CR96]\].

***Hepatitis B Virus-Associated Membranous Glomerulonephritis***. HBV is now the major cause of membranous GN (MGN) in children worldwide. The proportion of patients with MGN caused by HBV is directly related to the incidence of HBsAg in the population, with 80--100 % of all cases of MGN in some African and Oriental countries being associated with HBV (see 10.1007/978-3-662-43596-0_30"). HBV MGN usually presents in children aged 2--12. There is a striking male predominance. The virus is usually acquired by vertical transmission from infected mothers or horizontally from infected family members. Unlike adults with HBV MGN, children do not usually have a history of hepatitis or of active liver disease, but liver function test results are generally mildly abnormal. Liver biopsy specimens may show minimal abnormalities, chronic persistent hepatitis, or (occasionally) more severe changes.

The renal manifestations are usually of proteinuria, nephrotic syndrome, microscopic hematuria, or (rarely) macroscopic hematuria. Hypertension occurs in less than 25 % of cases, and renal insufficiency is rare. HBsAg and HBcAg are usually present in the circulation, and HBe antigenemia is seen in a high proportion of cases. Occasionally, HBsAg may be found in the glomeruli but is absent from the circulation. C3 and C4 levels are often low, and circulating immune complexes are found in most cases. Immunohistologic study reveals deposits of IgG and C3 and (less commonly) IgM and IgA in subepithelial, subendothelial, or mesangial tissue. HBV particles may be seen on electron microscopy, and all the major hepatitis B antigens, including HBsAg, HBcAg, and HBeAg, have been localized in the glomerular capillary wall on immunofluorescence.

Immunologic deposition of HBV and antibody in the glomerular capillary wall is clearly involved in the glomerular injury, but the underlying immunologic events are incompletely understood \[[@CR90]\]. Passive trapping of circulating immune complexes may be involved, but the circulating immune complexes containing HBsAg are usually larger than would be expected to penetrate the basement membrane. HBsAg and HBcAg are anionic and are therefore unlikely to penetrate the glomerular capillary wall. In contrast, HBeAg forms smaller complexes with anti-HBe antibodies and may readily penetrate the GBM. This may explain the observation that HBeAg in the circulation frequently correlates with the severity of the disease \[[@CR90]\]. An alternative mechanism for immune-mediated glomerular injury is the trapping of HBV antigens by antibody previously deposited in the kidney. Anti-HBe antibodies are cationic and may readily localize in the glomerulus and subsequently bind circulating antigen and complement. The third possibility is that the depositions of HBV and antibodies are consequences of glomerular injury by cellular mechanisms or autoantibodies. Little evidence supports this view at present \[[@CR90]\]. A transgenic mouse model of HBV-associated nephropathy has been developed, in which HBsAg and HBcAg is expressed in the liver and kidney, particularly tubular epithelial cells, without viral replication. In these mice, gene expression analysis revealed upregulation of acute-phase proteins, particularly C3, although measurable serum C3 levels were reduced. This supports the notion that local persistent expression of HBV viral proteins contributes to HBV-associated nephropathy \[[@CR97]\].

***Other Hepatitis B Virus Glomerulonephritides***. HBV infection has been associated with a variety of other forms of GN in both adults and children \[[@CR95]\]. Both MPGN and mesangial proliferative GN may be triggered by HBV. In several countries where HBV is common, the proportion of patients with these forms of nephritides who test positive for HBV greatly exceeds the incidence of positivity in the general population. As with MGN and HBV-associated PAN, circulating immune complexes and localization of HBV antigens in the glomeruli have been reported in both MPGN and mesangial proliferative GN, and it is likely that similar mechanisms are occurring \[[@CR90]\]. Several other forms of GN have been associated with HBV, including IgA nephropathy, focal glomerulosclerosis, crescentic nephritis, and systemic lupus erythematosus, but the evidence for these associations is less consistent than for the entities discussed earlier \[[@CR95]\].

### Treatment of Hepatitis B Virus Glomerulonephritis {#Sec25}

HBV is normally cleared as a result of cell-mediated responses in which cytotoxic T cells and natural killer cells eliminate infected hepatocytes. It is not surprising, therefore, that the administration of steroids and immunosuppressive agents either may have no effect on HBV disease or may increase the risk of progressive disease. Children with HBV MGN have a good prognosis, and two-thirds undergo spontaneous remission within 3 years of diagnosis. Steroid therapy does not appear to provide any additional benefit \[[@CR90], [@CR98]\]. Antiviral therapy with pegylated interferon-alpha and lamivudine is used to treat HBV, and in some cases, elimination of the infection with antiviral therapy in both children and adults is associated with improvement or resolution of the coexisting renal disease \[[@CR99]\]. There are isolated case reports of pegylated interferon successfully treating IgA nephropathy associated with HBV \[[@CR100]\]. There have been some promising results with newer antiviral agents such as adefovir and entecavir in treating HBV glomerulonephritis in combination regimens \[[@CR101]\].

Hepatitis C Virus {#Sec26}
-----------------

HCV is an enveloped, single-stranded RNA virus of approximately 9.4 kilobases in the *Flaviviridae* family. There are six major HCV genotypes. Hepatitis C is a common disease affecting approximately 400 million people worldwide. In the United States, 4.1 million persons are estimated to be anti-HCV positive, and 3.2 million may be chronically infected \[[@CR102]\]. An estimated 240,000 children in the United States have antibody to HCV, and 68,000--100,000 are chronically infected. Children become infected through receipt of contaminated blood products or through vertical transmission. The risk of vertical transmission increases with higher maternal viremia and maternal coinfection with HIV.

Acute HCV infection is rarely recognized in children outside of special circumstances such as a known exposure from an HCV-infected mother or after blood transfusion. Most chronically infected children are asymptomatic and have normal or only mildly abnormal alanine aminotransferase levels. Although the natural history of HCV infection during childhood seems benign in the majority of instances, the infection can take an aggressive course in a proportion of children, leading to cirrhosis and end-stage liver disease during childhood. The factors responsible for this more aggressive course are unidentified \[[@CR103]\]. Even in adults, the natural history of HCV infection has a variable course, but a significant proportion of patients will develop some degree of liver dysfunction, and 20--30 % will eventually have end-stage liver disease as a result of cirrhosis. The risk of hepatocellular carcinoma is significant for those who have established cirrhosis. Hepatitis C is currently the most common condition leading to liver transplantation in adults in the "Western world."

GN has been described as an important complication of chronic infection with HCV in adults \[[@CR104]\]. The clinical presentation is usually of nephrotic syndrome or proteinuria, hypertension, or hematuria, with or without azotemia. MPGN, with or without cryoglobulinemia, and MGN are most commonly described \[[@CR105]\]. Isolated case reports of other, more unusual patterns of glomerular injury, including IgA nephropathy, focal segmental glomerulosclerosis, crescentic GN, fibrillary GN, and thrombotic microangiopathy, have also been associated with HCV infection \[[@CR106]\]. Glomerular deposition of hepatitis antigens and antibodies has been described and is believed to play a role in pathogenesis. Cryoglobulinemia is a common accompaniment of GN that is associated with the depression of serum complement levels \[[@CR106]\]. Renal failure may develop in 40--100 % of patients who have MPGN. The presence of viruslike particles as well as viral RNA within the kidney sections of patients with HCV-associated glomerulopathies has been reported \[[@CR107]\]. The diagnosis should be suspected if glomerular disease is associated with chronic hepatitis, particularly with the presence of cryoglobulins, but renal biopsy is necessary to establish a definitive diagnosis.

HCV infection is relatively common in children with end-stage renal disease and is an important cause of liver disease in this population. HCV-infected renal transplant recipients had higher mortality and hospitalization rates than other transplant recipients \[[@CR108]\], and HCV infection has been reported to be associated with de novo immune-mediated GN, especially type 1 MPGN, in renal allografts, resulting in accelerated loss of graft function. The PEDS-C trials, a randomized controlled trial in children and adolescents, have shown that ribavirin and pegylated interferon is superior to pegylated interferon and placebo in treating chronic hepatitis C in this age group, and this combination constitutes the US standard of care \[[@CR109]\]. Clinical trials are currently underway investigating the efficacy of a new generation of HCV antiviral drugs, including sofosbuvir, boceprevir, and telaprevir in combination with pegylated interferon and ribavirin. Triple therapy has been associated with a higher sustained virological response in adults \[[@CR110]\].

Hepatitis C may be complicated by systemic mixed cryoglobulinemic (MC) vasculitis and in some cases by a polyarteritis nodosa (PAN)-type non-cryoglobulinemic vasculitis \[[@CR111]\]. Treatment with interferon-α (IFN-α) and ribavirin mostly is associated with an improvement of vasculitic symptoms. In some cases, exacerbation and rarely new onset of vasculitis of the peripheral nervous system have been described after this treatment. In fulminant cases, immunosuppressive therapy with steroids, and cyclophosphamide, or rituximab may be needed to control life-threatening vasculitis prior to antiviral treatment \[[@CR111]\].

Herpes Viruses: Cytomegalovirus {#Sec27}
-------------------------------

CMV is one of the eight human herpes viruses. Transmission of the virus requires exposure to infected body fluids such as breast milk, saliva, urine, or blood. Individuals initially infected with CMV may be asymptomatic or display nonspecific flulike symptoms. After the initial infection CMV, like all herpes viruses, establishes latency for life but will be periodically excreted by an asymptomatic host. CMV replicates within renal cells, and on biopsy samples from immunocompromised hosts, viral inclusions can be visualized by light microscopy in cells of the convoluted tubules and collecting ducts \[[@CR112]\]. Glomerular cells and shed renal tubular cells may have characteristic inclusions, but clinically evident renal disease is rare and is seen virtually only in immunocompromised or congenitally infected children.

The clinical manifestations of CMV-induced renal disease in congenitally infected infants are variable and range from asymptomatic proteinuria to nephrotic syndrome and renal impairment. In congenital CMV infection, histologic changes of viral inclusions commonly occur in the tubules. In addition, proliferative GN has been reported, with evidence on electron microscopy of viral immune deposits in glomerular cells \[[@CR113]\]. In CMV-infected immunocompromised patients, immune-complex GN has been documented with mesangial deposits of IgG, IgA, C3, and CMV antigens within glomeruli. Eluted glomerular immunoglobulins have been shown to contain CMV antigens \[[@CR114]\].

CMV is the most common viral infection after kidney transplantation. Experience with pediatric kidney transplant recipients suggests a 67 % incidence of CMV infection, with approximately 67 % being negative at the time of transplantation \[[@CR115]\]. The direct and indirect effects of CMV infection result in a significant morbidity and mortality among kidney transplant recipients. CMV-negative patients who receive a CMV-positive allograft are at risk for primary infection and graft dysfunction. Patients who are CMV seropositive at the time of transplantation are also at risk of reactivation and superinfection. Tubulointerstitial nephritis is a well-characterized pathologic feature of renal allograft CMV disease, which can be difficult to distinguish from injury caused by rejection. Histologic evidence of endothelial cell injury and mononuclear cell infiltration in the glomeruli has been reported. CMV glomerular vasculopathy in the absence of tubulointerstitial disease, causing renal allograft dysfunction, has also been reported \[[@CR116]\]. Beyond the acute allograft nephropathy associated with CMV viremia, CMV is known to cause chronic vascular injury. This may adversely affect the long-term outcome of the allograft and may be the explanation for the observed association with chronic allograft nephropathy.

Techniques for rapidly diagnosing CMV infection include shell vial culture, pp65 antigenemia assay, PCR, and the hybrid-capture RNA-DNA hybridization assay for qualitative detection of CMV PCR. Reverse transcriptase PCR (RT PCR) can detect viral mRNA transcripts in peripheral blood but is less sensitive than pp65 or PCR \[[@CR117]\]. Immune histocytochemistry is used for diagnosing end-organ disease. Quantitative plasma PCR testing (PCR viral load) is increasingly used for diagnosis and monitoring of CMV viremia in renal transplant recipients \[[@CR117]\]. The American Society of Transplantation (AST) recommends monitoring for CMV by quantitative viral load monthly for the first year after transplantation, and the Kidney Disease Improving Global Outcomes (KDIGO) recommends an additional 3 monthly surveillance for the second year.

Antiviral agents that have been shown to be effective against CMV include ganciclovir, valganciclovir, foscarnet, and cidofovir. Ganciclovir remains the drug of choice for treating established disease. Intravenous ganciclovir therapy is preferred in children because of the erratic absorption of oral ganciclovir. Major limitations of ganciclovir therapy are the induction of renal tubular dysfunction and bone marrow toxicity, principally neutropenia and thrombocytopenia. Dosage adjustments are necessary for recipients with renal dysfunction. Oral valganciclovir is recommended for CMV prophylaxis posttransplant \[[@CR118]\]. Duration of chemoprophylaxis is dependent on the serostatus of the donor and recipient \[[@CR115]\]. While it is effective in reducing the incidence of symptomatic CMV, prospective viral surveillance studies have shown subclinical infection in 12--22 % of pediatric kidney transplant recipients, hence the importance of viral surveillance \[[@CR115]\]. Use of other antiviral agents such as foscarnet and cidofovir is limited because of nephrotoxicity and difficulty of administration. The role of high-titer CMV immunoglobulin therapy in reducing severe CMV-associated disease after stem cell transplant remains unclear \[[@CR119]\].

Herpes Viruses Varicella-Zoster Virus {#Sec28}
-------------------------------------

The association of varicella with nephritis has been known for more than 100 years since Henoch reported on four children with nephritis that occurred after the appearance of varicella vesicles. Varicella, however, is rarely associated with renal complications. In fatal cases with disseminated varicella and in the immunocompromised individual, renal involvement is more common. Histologic findings in fatal cases include congested hemorrhagic glomeruli, endothelial cell hyperplasia, and tubular necrosis. In mild and nonfatal cases and in nonimmunocompromised individuals, varicella is occasionally associated with a variety of renal manifestations, ranging from mild nephritis to nephrotic syndrome and AKI \[[@CR120]\]. Histologic findings include endocapillary cell proliferation, epithelial and endothelial cell hyperplasia, and inflammatory cell infiltration. Rapidly progressive nephritis has also been reported. Immunohistochemical studies reveal glomerular deposition of IgG, IgM, IgA, and C3. On electron microscopy, granular electron-dense deposits have been found in the paramesangial region, and varicella antigens may be deposited in the glomeruli. The features suggest an immune-complex nephritis. Elevated circulating levels of IgG and IgA immune complexes and depressed C3 and C4 levels support this possibility \[[@CR121]\].

Fulminant disseminated varicella and varicella in immunocompromised patients should be treated with intravenous acyclovir.

Herpes Viruses: Epstein-Barr Virus {#Sec29}
----------------------------------

Renal involvement is common during acute infectious mononucleosis, usually manifesting as an abnormal urine sediment, with hematuria in up to 60 % of cases. Hematuria, either microscopic or macroscopic, usually appears within the first week of the illness and lasts for a few weeks to a few months. Proteinuria is usually absent or low grade. More severe renal involvement with proteinuria, nephrotic syndrome, or acute nephritis with renal failure is much less common. AKI may be seen during the course of fulminant infectious mononucleosis with associated hepatic failure, thrombocytopenia, and encephalitis. It is usually caused by interstitial nephritis that is likely the result of immunopathologic injury precipitated by Epstein-Barr virus (EBV) infection. However, the identification of EBV DNA in the kidney raises the possibility that direct infection might play a role \[[@CR122], [@CR123]\]. The renal involvement must be distinguished from myoglobinuria caused by rhabdomyolysis, which may occur in infectious mononucleosis, and from bleeding into the renal tract as a result of thrombocytopenia.

Renal histologic findings in EBV nephritis are an interstitial nephritis with mononuclear cell infiltration and foci of tubular necrosis. Glomeruli may show varying degrees of mesangial proliferation. On immunohistochemical study, EBV antigens are seen in glomerular and tubular deposits. The prognosis for complete recovery of renal function is good. Treatment with corticosteroids may have a role in the management of EBV-induced AKI and may shorten the duration of renal failure \[[@CR124]\]. EBV-associated posttransplantation lymphoproliferative disease is a recognized complication in renal transplant recipients. Subclinical infection occurs in 35--40 % of pediatric renal transplant recipients \[[@CR115]\]. Latent infection of EBV in renal proximal tubular epithelial cells has been described as causing idiopathic chronic tubulointerstitial nephritis \[[@CR125]\].

Herpes Viruses: Herpes Simplex Virus {#Sec30}
------------------------------------

The herpes simplex virus (HSV) causes persistent infection characterized by asymptomatic latent periods interspersed with acute relapses. As with other chronic and persistent infections, immunologically mediated disorders triggered by HSV are well recognized, and it is perhaps surprising that HSV has rarely been linked to nephritis. Acute nephritis and nephrotic syndrome have been associated with herpes simplex encephalitis. Renal histology shows focal segmental GN with mesangial and segmental deposits of IgM, C3, and HSV antigens. As with other herpes viruses, HSV has been suggested as a trigger for IgA nephritis, MPGN, and membranous nephropathy, but no conclusive evidence exists of an etiologic role for HSV.

Human Immunodeficiency Virus {#Sec31}
----------------------------

The WHO estimate that in 2012 there were 35.3 million people living with HIV worldwide, with 3.3 million being children. Of these 260,000 were new infections ([www.unaids.org](http://www.unaids.org/) -- UNAIDS Global Report on the global AIDS epidemic 2013). The number of children under 15 years of age receiving antiretroviral therapy (ART) in low- and middle-income countries rose from 566,000 in 2011 to 630,000 in 2012 ([www.unaids.org](http://www.unaids.org/) -- Global update on HIV treatment 2013).

Renal involvement occurs in 2--15 % of HIV-infected children in the United States \[[@CR126]--[@CR128]\]. Since the development of antiretroviral therapy (ART), however, the incidence of end-stage renal disease in HIV infection in both adults and children in industrialized countries has declined, but it is predicted that the dramatic decline in AIDS-related deaths will lead to an ageing population of HIV-infected individuals who will be at risk of non-HIV-related renal problems, such that the numbers of HIV-positive ESRD patients will increase in the United States \[[@CR129]\].

HIV infection is associated with a number of renal pathologies. HIV-associated nephropathy (HIVAN) is a syndrome of glomerular and tubular dysfunction, which can progress to end-stage renal failure. It is discussed more fully below. Glomerular syndromes other than HIVAN include a range of immune-mediated syndromes (HIV immune-complex kidney disease (HIVICK)) including MGN that resembles lupus nephritis and immune-complex GN, with IgA nephropathy and HCV-associated MPGN being the most common forms \[[@CR126], [@CR127]\]. There have also been several case reports of amyloid kidney. The kidneys may be affected by various other mechanisms. Opportunistic infections with organisms such as BK virus (BKV) that give rise to nephropathy and hemorrhagic cystitis have been reported in association with HIV infection \[[@CR130]\]. Systemic infections accompanied by hypotension can cause prerenal failure leading to acute tubular necrosis. Acute tubular necrosis has also been reported in HIV patients after the use of nephrotoxic drugs such as pentamidine, foscarnet, cidofovir, amphotericin B, and aminoglycosides. Intratubular obstruction with crystal precipitation can occur with the use of sulfonamides and intravenous acyclovir. Indinavir is well recognized to cause nephropathy and renal calculi \[[@CR131]\]. MPGN associated with mixed cryoglobulinemia and thrombotic microangiopathy/atypical HUS in association with HIV infections have been reported \[[@CR132], [@CR133]\].

### HIV-Associated Nephropathy (HIVAN) {#Sec32}

HIVAN is characterized by both glomerular and tubular dysfunction, the pathogenesis of which is not entirely known. HIVAN is a clinicopathologic entity that includes proteinuria, azotemia, focal segmental glomerulosclerosis or mesangial hyperplasia, and tubulointerstitial disease \[[@CR128]\]. In adults in the United States, there is a markedly increased risk of nephropathy among African American persons with HIV infection. This appears to be true in children as well, but the data are sparse. The spectrum of HIVAN seems to be coincident with the degree of AIDS symptomatology. It is thought that HIVAN can present at any point in HIV infection, but most patients with HIVAN have CD4 counts of less than 200 × 10^6^ cells/mL, which suggests that it may be primarily a manifestation of late-stage disease \[[@CR134]\].

The microscopic features of HIVAN in children comprise of classical FSGS with or without mesangial hyperplasia combined with microcystic tubular dilatation and interstitial inflammation \[[@CR135]\]. Collapsing FSGS is the hallmark of adult disease, and this has been shown in children as well. In the affected glomeruli, visceral epithelial cells are hypertrophied and hyperplastic and contain large cytoplasmic vacuoles and numerous protein resorption droplets. There is microcystic distortion of tubule segments, which contributes to increasing kidney size. Podocyte hyperplasia can become so marked that it causes obliteration of much of the urinary space, forming "pseudocrescents" \[[@CR136]\]. Capillary walls are wrinkled and collapsed with obliteration of the capillary lumina. The interstitium is edematous with a variable degree of T-cell infiltration. The Bowman capsule can also be dilated and filled with a precipitate of plasma protein that represents the glomerular ultrafiltrate. One of the most distinctive features of HIVAN, however, is the presence of numerous tubuloreticular inclusions within the cytoplasm of glomerular and peritubular capillary endothelial cells \[[@CR136]\]. Immunofluorescence testing is positive for IgM and C3 in capillary walls in a coarsely granular to amorphous pattern in a segmental distribution \[[@CR137]\].

The presence of the HIV genome in glomerular and tubular epithelium has been demonstrated using complementary DNA probes and in situ hybridization. Proviral DNA has been detected by PCR in the glomeruli, tubules, and interstitium of microdissected kidneys from patients who had pathologic evidence of HIVAN, but it has also been detected in the kidneys of HIV-positive patients with other glomerulopathies and in those with undetectable levels of viral RNA in the peripheral blood \[[@CR138]\]. The kidney has been postulated to behave as a separate compartment to the blood with ongoing viral replication in the kidneys despite achieving serological suppression with ART \[[@CR138], [@CR139]\].

Transgenic murine models provide some of the strongest evidence for a direct role of HIV-1 in the induction of HIVAN. These mice do not produce infectious virus but express the HIV envelope and regulatory genes at levels sufficient to recreate the HIVAN that is seen in humans. Animal models have shown that the *nef* and *vpr* genes contribute to HIVAN through encoding for podocyte dysfunction and apoptosis of renal tubular epithelial cells, respectively \[[@CR135]\]. HIV is thought to infect renal tubuloepithelial cells through direct cell-cell transmission which then act as a separate viral compartment and facilitates replication distant from the blood. HIVAN 1 and 2 are the host susceptibility genes identified in animal models for HIVAN. Two variants (g1and G2) in the ApoL1 gene have been identified as the susceptibility alleles that contribute to the increased risk of FSGS in African Americans (previously attributed to MYH9 on chromosome 22) \[[@CR135]\]. HIVAN is more likely in patients with a family history of ESRD.

HIVAN can manifest as mild proteinuria, nephrotic syndrome, renal tubular acidosis, hematuria, and/or AKI \[[@CR128]\]. Nephrotic syndrome and chronic renal insufficiency are late manifestations of HIVAN. Children with HIVAN are likely to develop transient electrolytic disorders, heavy proteinuria, and AKI due to systemic infectious episodes or nephrotoxic drugs. Early stages of HIVAN can be identified by the presence of proteinuria and "urine microcysts" along with renal sonograms showing enlarged echogenic kidneys. Urinary renal tubular epithelial cells are frequently grouped together to form these microcysts, which were found in the urine of children with HIVAN who had renal tubular injury \[[@CR128]\]. Advanced stages of HIVAN typically present with nephrotic syndrome with edema, heavy proteinuria, hypoalbuminemia, and few red or white blood cells in urinary sediments. Hypertension may be present, but usually blood pressure is within or below the normal range. HIVAN in adults follows a rapidly progressive course, with end-stage renal disease developing within 1--4 months, but in children this rapid progression does not necessarily occur. Definitive diagnosis of HIVAN should be based on biopsy results, and biopsy should be performed if a significant proteinuria is present, because in approximately 50 % of HIV-infected patients with azotemia and/or proteinuria (\>1 g/24 h) who undergo renal biopsy, the specimen will have histologic features consistent with other renal diseases \[[@CR134]\].

### HIV Immune-Complex Kidney Disease (HIVICK) {#Sec33}

HIVCK is thought to arise by deposition of immune complexes or by in situ formation of immune complexes in the parenchyma \[[@CR126]\]. The immune complexes consist of HIV antigens bound to IgG and IgA. IgA nephropathy, membranous and membranoproliferative glomerulonephritis, and a lupus-like glomerulonephritis are included in HIVCK. Like HIVAN, it occurs in Afro-Caribbeans but can also be found in Caucasians \[[@CR126]\].

Acute interstitial nephritis (AIN) results mainly from medications used to treat HIV and its complications. Nonsteroidal anti-inflammatory drugs, rifampicin, co-trimoxazole, and protease inhibitors (PI) like idinavir and ritonavir have been implicated \[[@CR140]\]. All classes of ART can cause renal toxicity except the integrase inhibitors and the CCR5 antagonists. Tenofovir can cause proximal tubular nephropathy and can present as complete or partial Fanconi syndrome \[[@CR141], [@CR142]\]. Therefore, it is essential that children on ART have regular urinalysis to check for the emergence of proteinuria and hematuria.

HAART should be given to children with symptomatic HIV disease. Specific treatment of HIVAN remains controversial. Several studies have looked at the role of HAART with or without angiotensin I-converting enzyme (ACE) inhibitors, and even cyclosporin with somewhat encouraging results. However, as yet, no randomized case-controlled trials have been undertaken \[[@CR126]\]. Most of the studies have been small and retrospective, and many have included patients both with and without renal biopsy-proven HIVAN. Cyclosporin has been used to treat HIVAN in children with remission of nephrotic syndrome \[[@CR143]\]. Similar responses have been reported to treatment with corticosteroids in various studies; however, steroids are not currently recommended for the routine management of HIVAN. There has been short-term improvement in kidney function in children with lymphoid interstitial pneumonitis, but there is the risk of exacerbation of infection with TB when used in developing countries, and in the absence of HAART, it has not been shown to limit the progression of HIVAN in children \[[@CR126]--[@CR128]\].

The general regimen used to treat patients with HIV, including HAART, should be applied to children with HIVAN. The dosages of some medications must be adjusted to the patients' glomerular filtration. There are reports of spontaneous regression of HIVAN with supportive management and treatment with HAART, particularly with regimens containing protease inhibitors \[[@CR144]\]. The kidneys of transgenic mice have been found to have elevated levels of TGF-β messenger RNA and protein \[[@CR145]\]. Furthermore, gene expression analysis on tubular epithelial cells from a patient with HIVAN found upregulation of several inflammatory mediator genes downstream of interleukin 6 and of the transcription factor NFkB \[[@CR146]\]. Several therapeutic options have been aimed specifically at the presumed role of TGF-β in the pathogenesis of HIVAN. Treatment directed at its synthesis using gene therapy to block TGF-β gene expression is being explored. Therapy directed at decreasing the activity of TGF-β using anti-TGF-β antibodies or other inhibitory substances is also an area of investigation. To date, these novel therapeutic approaches have not yielded any promising advancement in treatment.

In the HAART era, the outlook for HIV patients with ESRD has improved, but these patients fare worse than ESRD patients without HIV \[[@CR147]\]. Most reports of HIV-infected patients on hemodialysis have shown poor prognosis, with mean patient survival times ranging from 14 to 47 months. Mortality is therefore still close to 50 % within the first year of dialysis. In general, improved survival is associated with younger age at initiation of hemodialysis and with higher CD4 counts. Complications such as infection and thrombosis tend to occur at a higher rate in HIV-infected hemodialysis patients. Cross infection with HIV in dialysis patients is very rare. Peritoneal dialysis is an alternative for HIV-infected patients. The incidence of peritonitis varies across studies, but some studies did report a higher incidence of *Pseudomonas* and fungal peritonitis in the HIV-positive population \[[@CR148]\]. Infections with unusual organisms such as *Pasteurella multocida*, *Trichosporon beigelii*, and *Mycobacterium avium-intracellulare* complex have also been reported. Several studies, however, have suggested that there is no significant difference between the HIV-infected and non-HIV-infected populations. Of note is that virus capable of replication in vitro has been recovered from the peritoneal dialysis effluent, and it can be recoverable for up to 7 days in dialysis bags at room temperature and for up to 48 h in dry exchange tubing \[[@CR148]\].

Kidney transplantation in HIV-infected individuals with end-stage renal disease has shown excellent 3--5-year survival rates \[[@CR149], [@CR150]\]. These group of patients do experience an increase risk of rejection but not of opportunistic infections. Most issues revolve around immunosuppressive therapy and interactions with ART.

Human Polyomaviruses {#Sec34}
--------------------

The human polyomaviruses are members of the papovavirus family and significant pathogens in immunocompromised patients. They are non-enveloped viruses ranging in size from 45 to 55 nm, with a circular, double-stranded DNA genome that replicates in the host nucleus. The best-known species in this genus are the BKV, the JC virus (JCV), and the simian virus SV40. BKV establishes infection in the kidney and the urinary tract, and its activation causes a number of disorders, including nephropathy and hemorrhagic cystitis. BKV-associated nephropathy is a cause of renal dysfunction in renal transplantation patients \[[@CR151]\]. JCV establishes latency mainly in the kidney, and its reactivation can result in the development of progressive multifocal leukoencephalopathy. There are a few reports of nephropathy in association with JCV infection \[[@CR152], [@CR153]\], but BKV poses a much bigger problem in this regard.

### BK Virus {#Sec35}

BKV infection is endemic worldwide. Seroprevalence rates as high as 60--80 % have been reported among adults in the United States and Europe. The peak incidence of primary infection (as measured by acquisition of antibody) occurs in children 2--5 years of age. BKV antibody may be detected in as many as 50 % of children by 3 years of age, and in 60--100 % of children by 9 or 10 years of age; antibodies wane thereafter. BKV infection may be particularly important in the pediatric transplantation population, in whom primary infection has a high probability of occurring while the children are immunosuppressed \[[@CR151]\].

Primary infection with BKV in healthy children is rarely associated with clinical manifestations. Mild pyrexia, malaise, vomiting, respiratory illness, pericarditis, and transient hepatic dysfunction have been reported with primary infection. Investigators hypothesize that after an initial round of viral replication at the site of entry, viremia follows with dissemination of the virus to distant sites at which latent infection is established. The most frequently recognized secondary sites of latent infection are renal and uroepithelial cells. Reactivation and urinary shedding occurs in 10--60 % of immunocompetent individuals, with higher rates among the immunocompromised \[[@CR154]\]. Secondary infection has been reported to cause tubulointerstitial nephritis and ureteral stenosis in renal transplantation patients. It may be that renal impairment in immunocompromised patients and in nonrenal solid organ transplant recipients is found to be frequently associated with BKV infection.

### BK Virus Nephropathy in Patients Undergoing Renal Transplantation {#Sec36}

The reported prevalence of BKV nephropathy in renal allografts is between 1 % and 8 % \[[@CR155]\]. Asymptomatic infection is characterized by viral shedding without any apparent clinical features. Viruria, resulting from either primary or secondary infection, can persist from several weeks to years. Tubulointerstitial nephritis associated with BKV in renal transplant recipients is accompanied by histopathologic changes, with or without functional impairment. "Infection" and "disease" must be differentiated carefully. BKV infection (either primary or reactivated) can progress to BKV disease, but will not always do so \[[@CR156]\]. Furthermore, not all cases of BKV disease lead to renal impairment. However, infection can progress to transplant dysfunction and graft loss, although the diagnosis may be complicated by the coexistence of active allograft rejection.

BKV nephritis has a bimodal distribution, with 50 % of BKV-related interstitial nephritis cases occurring 4--8 weeks after transplantation and the remainder of patients developing disease months to years after transplantation. Allograft failure is due mainly to extensive viral replication in tubular epithelial cells leading to frank tubular necrosis \[[@CR153]\]. Although damage is potentially fully reversible early in the disease, persisting viral damage leads to irreversible interstitial fibrosis. Tubular atrophy and allograft loss has been observed in 45 % of affected patients. In most cases, BKV nephropathy in adult renal transplant recipients represents a secondary infection associated with rejection and its treatment. In children, however, primary BKV infection giving rise to allograft dysfunction may occur \[[@CR156]\].

The definitive diagnosis of BKV nephropathy requires renal biopsy. Histopathologic features include severe tubular injury with cellular enlargement, marked nuclear atypia, epithelial necrosis, denudation of tubular basement membranes, focal intratubular neutrophilic infiltration, and mononuclear interstitial infiltration, with or without concurrent tubulins \[[@CR153]\]. This constellation of histologic features, particularly severe tubulitis, is often misinterpreted as rejection, even by the experienced pathologist. The presence of well-demarcated basophilic or amphophilic intranuclear viral inclusions, primarily within the tubular and parietal epithelium of the Bowman capsule, can help distinguish BKV disease from rejection. Additional tests such as immunohistochemistry, PCR analysis, or electron microscopy of biopsied tissue aimed at the identification of BKV may be required. PCR assays of viral load in tubular cells have been reported to be a sensitive marker for diagnosis and monitoring.

#### Other Implications of BK Virus in Renal Transplantation {#Sec37}

BKV infection may cause ureteral obstruction due to ureteral ulceration and stenosis at the ureteric anastomosis. BKV-associated ureteral stenosis has been reported in 3 % of renal transplant patients and usually occurs between 50 and 300 days after transplantation. Ulceration due to inflammation, proliferation of the transitional epithelial cells, and smooth muscle proliferation may lead to partial or total obstruction. High-level BKV replication is implicated in acute, late-onset, long-duration hemorrhagic cystitis after bone marrow transplantation \[[@CR157]\].

There are two case reports in children of renal carcinomas arising in the transplanted kidney in association with BK virus nephropathy. It remains unclear whether BK virus itself has oncogenic potential in the transplant setting, but this is possible given that the big T antigen (T-Ag) expressed by polyomavirus family viruses has been shown to have the ability to disrupt chromosomal integrity \[[@CR158], [@CR159]\].

#### Treatment {#Sec38}

Whether patients with asymptomatic viremia or viruria need specific therapeutic intervention is not certain. Review of the literature suggests that careful reduction of immune suppression, combined with active surveillance for rejection, will result in clinical improvement. Reduction in immunosuppression may precipitate episodes of acute cellular rejection, which need to be judiciously treated with corticosteroids. The outcome of BKV nephropathy is unpredictable, and stabilization of renal function may occur regardless of whether maintenance immunotherapy is altered or not \[[@CR160]\].

Cyclosporin, mycophenolate, and sirolimus have all been shown to possess in vitro antiviral activity against BK virus, but these findings have not been confirmed by in vivo clinical trials. Several studies have sought to identify a particular immunosuppressant or combination of drugs that increases the risk of BK virus, but results have not favored one particular regimen over another \[[@CR154]\]. A systematic review by Johnston et al. in adults found that there was no reduction in graft loss by combining cidofovir or leflunomide with immunosuppression reduction to treat polyomavirus-associated nephropathy \[[@CR161]\]. Prospective trials are required to address the impact of various immunosuppressive agents on BK virus replication, and randomized controlled trials are still required to define the optimal treatment of the condition.

Viral Hemorrhagic Fever {#Sec39}
-----------------------

Viral hemorrhagic fever involves at least 12 distinct RNA viruses that share the propensity to cause severe disease with prominent hemorrhagic manifestations. The viral hemorrhagic fevers, widely distributed throughout both temperate and tropical regions of the world, are important causes of mortality and morbidity in many countries. Most viral hemorrhagic fevers are zoonoses (with the possible exception of dengue virus), in which the virus is endemic in animals and human infection is acquired through the bite of an insect vector. Aerosol and nosocomial transmissions from infected patients are important for Lassa, Junin, Machupo, and Congo-Crimean hemorrhagic fevers and Marburg and Ebola viruses.

Viral hemorrhagic fevers have many clinical similarities but also important differences in their severity, major organs affected, prognosis, and response to treatment. In all viral hemorrhagic fevers, severe cases occur in only a minority of those affected; subclinical infection or nonspecific febrile illness occurs in the majority. Fever, myalgia, headache, conjunctival suffusion, and erythematous rash occur in all the viral hemorrhagic fevers \[[@CR162]\]. Hemorrhagic manifestations range from petechiae and bleeding from venipuncture sites to severe hemorrhage into the GI tract, kidney, and other organs. A capillary leak syndrome, with evidence of hemoconcentration, pulmonary edema, oliguria, and ultimately shock, occurs in the most severely affected patients. Renal involvement occurs in all the viral hemorrhagic fevers, proteinuria is common, and prerenal failure is seen in all severe cases complicated by shock. However, in Congo-Crimean hemorrhagic fever and hemorrhagic fever with renal syndrome (HFRS), an interstitial nephritis, which may be hemorrhagic, is characteristic, and renal impairment is a major component of the illness.

### Dengue {#Sec40}

Dengue is caused by a flavivirus that is endemic and epidemic in tropical America, Africa, and Asia, where the mosquito vector *Aedes aegypti* is present \[[@CR163]\]. Classic dengue is a self-limited nonfatal disease; dengue hemorrhagic fever and dengue shock syndrome, which occur in a minority of patients, have a high mortality if not aggressively treated with fluids. After an incubation period of 5--8 days, the illness begins with fever, headache, arthralgia, weakness, vomiting, and hyperesthesia. In uncomplicated dengue, the fever usually lasts 5--7 days. Shortly after onset, a maculopapular rash appears, sparing the palms and the soles, and is occasionally followed by desquamation. Fever may reappear at the onset of the rash.

In dengue hemorrhagic fever and dengue shock syndrome, the typical febrile illness is complicated by hemorrhagic manifestations, ranging from a positive tourniquet test result or petechiae to purpura, epistaxis, and GI bleeding with thrombocytopenia and evidence of a consumptive coagulopathy. Increased capillary permeability is suggested by hemoconcentration, edema, and pleural effusions \[[@CR163]\]. In severe cases, hypotension and shock supervene, largely as a result of hypovolemia. Renal manifestations include oliguria, proteinuria, hematuria, and rising urea and creatinine. AKI occurs in patients with severe shock, primarily as a result of renal underperfusion. However, glomerular inflammatory changes may also occur. Children with dengue hemorrhagic fever show hypertrophy of endothelial and mesangial cells, mononuclear cell infiltrate, thinning of basement membranes, and deposition of IgG, IgM, and C3. Electron microscopy shows viral particles within glomerular mononuclear cells \[[@CR164]\].

The diagnosis of dengue is made by isolation of the virus from blood or by serologic testing. There is no specific antiviral treatment, and management of patients with dengue shock syndrome or dengue hemorrhagic fever depends on aggressive circulatory support and volume replacement with colloid and crystalloid \[[@CR165], [@CR166]\]. With correction of hypovolemia, renal impairment is usually reversible, but dialysis may be required in patients with established AKI.

### Yellow Fever {#Sec41}

Yellow fever is caused by a flavivirus and is transmitted by mosquito bites, typically *Aedes* species. It remains an important public health problem in Africa and South America. Renal manifestations are common and include albuminuria and oliguria. Over the next few days after first manifestation of infection, shock, delirium, coma, and renal failure develop, and death occurs 7--10 days after onset of symptoms. Laboratory findings include thrombocytopenia and evidence of hemoconcentration, rising urea and creatinine levels, hypernatremia, and deranged liver function test results. Pathologic findings include necrosis of liver lobules, cloudy swelling and fatty degeneration of the proximal renal tubules, and, often, petechiae in other organs. The oliguria appears to be prerenal and is due to hypovolemia; later, acute tubular necrosis supervenes. At present, there is no effective antiviral agent for yellow fever.

### Congo-Crimean Hemorrhagic Fever (CCHF) {#Sec42}

Congo-Crimean hemorrhagic fever, first recognized in the Soviet Union, is now an important human disease in Eastern Europe, Asia, and Africa. It is a tick-borne zoonotic viral disease caused by CCHF virus of the genus *Nairovirus* (family *Bunyaviridae*) \[[@CR167]\]. Severely affected patients become stuporous or comatose 5--7 days into the illness, with evidence of hepatic and renal failure and shock. Proteinuria and hematuria are often present. The disease is fatal in 15--50 % of cases. The WHO recommends ribavirin as the treatment of choice, but a systematic meta-analysis showed no change in mortality rate in the randomized controlled trials; observational studies showed a reduction in mortality by 44 % but were heavily confounded \[[@CR167], [@CR168]\]. Randomized controlled trials are needed in a setting with full supportive care to further address this question. The role of immunoglobulin has also been tried, but no case-control trials have been conducted to support a beneficial effect.

### Rift Valley Fever {#Sec43}

Rift Valley fever is found in many areas of sub-Saharan Africa. In humans, most infections follow mosquito bites or animal exposure. The infection may present as an uncomplicated febrile illness, with muscle aches and headaches. In 10 % of patients, encephalitis or retinal vasculitis occurs as a complication. In a small proportion of cases, a fulminant and often fatal hemorrhagic illness occurs with hematemesis, melena, epistaxis, and evidence of profound DIC. Severe hepatic derangement, renal failure, and encephalopathy are often present. Despite intensive care, mortality is high.

### Hemorrhagic Fever and Renal Syndrome (*Hantavirus*) {#Sec44}

The viruses causing HFRS all belong to the *Hantavirus* genus in the *Bunyaviridae* family. The hantaviruses are distributed worldwide and are maintained in nature through chronic infection of rodents and small mammals \[[@CR169]\]. Transmission to humans is by aerosolized infectious excreta. Human disease usually occurs in summer among rural populations with exposure to rodent-infested barns or grain stores. Urban transmission can occur, however. At least five hantaviruses are known to cause HFRS: Hantaan, Seoul, Puumala, Porogia, and Belgrade viruses. HFRS is endemic in a belt from Norway in the west through Sweden, Finland, the Soviet Union, China, and Korea to Japan in the east. The clinical severity of HFRS varies throughout this belt. Clinical entities include Korean hemorrhagic fever, nephropathia epidemica in Scandinavia, and epidemic hemorrhagic fever in Japan and China.

In general, HFRS due to Hantaan, Porogia, and Belgrade viruses is more severe and has higher mortality than that due to Puumala virus (nephropathia epidemica) or Seoul virus. Hantaan is predominant in the Far East, Porogia and Belgrade in the Balkans, and Puumala in Western Europe; Seoul has a worldwide distribution. The clinical features of the disease vary \[[@CR170]\]. The incubation period is 4--42 days. Although HFRS occurs with the same clinical picture in children as in adults, both incidence rates and antibody prevalence rates are very low in children under 10 years of age. Mild cases are indistinguishable from other febrile illnesses. In more severe cases, fever, headache, myalgia, abdominal pain, and dizziness are associated with the development of periorbital edema, proteinuria, and hematuria. There is often conjunctival injection, pharyngeal injection, petechiae, and epistaxis or GI bleeding. The most severely affected patients develop shock and renal failure. The disease usually passes through five phases: febrile, hypotensive, oliguric, diuretic, and convalescent. Laboratory findings include anemia, lymphocytosis, thrombocytopenia, prolonged prothrombin and bleeding times, and elevated levels of fibrin degradation products. Liver enzyme levels are elevated, and urea and creatinine levels are elevated during the oliguric phase. Proteinuria and hematuria are consistent findings. The renal histopathologic findings are those of an interstitial nephritis with prominent hemorrhages in the renal medullary interstitium and renal cortex. Acute tubular necrosis may also be seen. Immunohistochemical analysis reveals deposition of IgG and C3, and the GBM, mesangial, and subendothelial deposits may be seen on electron microscopy \[[@CR171]\].

Recovery from *Hantavirus*-associated disease is generally complete, although chronic renal insufficiency is a rare sequel of HFRS. In mildly affected patients, the disease is self-limiting, and spontaneous recovery occurs. However, in severe cases, with shock, bleeding, and renal failure, dialysis and intensive circulatory support may be required. Mortality rates vary depending on the strain of virus; rates are 5--15 % for hemorrhagic fever and renal syndrome in China and significantly lower for the milder Finnish form associated with the Puumala virus strain.

Ribavirin is active against Hantaan viruses in vitro, and clinical trials indicate that both mortality and morbidity can be reduced by treatment with this antiviral agent if it is administered early in the course of illness. Dosages of 33 mg/kg followed by 16 mg/kg every 6 h for 4 days and then 8 mg/kg every 8 h for 3 days have been used \[[@CR172]\].

### Lassa Fever {#Sec45}

Lassa fever is a common infection in West Africa, caused by an arenavirus, and usually manifests as a nonspecific febrile illness. In 10 % of cases, a fulminant hemorrhagic disease occurs. In severe cases, proteinuria and hematuria are usually present, and renal failure may occur. Ribavirin is effective in decreasing mortality. As in other hemorrhagic fevers, intensive hemodynamic support and correction of the hemostatic derangements are important components of therapy \[[@CR162]\].

### Argentine and Bolivian Hemorrhagic Fevers {#Sec46}

Junin and Machupo viruses, the agents of Argentine and Bolivian hemorrhagic fever, respectively, cause hemorrhagic fevers with prominent neurologic features and systemic and hemorrhagic features similar to those of Lassa fever. Oliguria, shock, and renal failure occur in the most severe cases.

### Marburg Disease and Ebola Virus Disease {#Sec47}

Marburg and Ebola viruses have been associated with outbreaks of nosocomially transmitted hemorrhagic fever. West Africa has experienced the largest outbreak of Ebola, with several thousand cases in Liberia, Sierra Leone, and Guinea. Mortality in this outbreak has been high with 40--60 % of those affected succumbing. Both viruses cause fulminant hemorrhagic fever. Onset is with high fever, headache, sore throat, myalgia, and profound prostration. An erythematous rash on the trunk is followed by hemorrhagic conjunctivitis, bleeding, impaired renal function, shock, and respiratory failure. Renal histopathologic findings in fatal cases are of tubular necrosis, with fibrin deposition in the glomeruli. There is no specific treatment for these disorders.

Other Common Virus Infections {#Sec48}
-----------------------------

There are many ubiquitous viral pathogens that infect large proportions of the population annually and yet are rarely associated with renal disease. The literature contains scattered reports of acute nephritis after infection with many of these viruses. The improvement in molecular diagnostic techniques has led to the recognition of other viruses that play an important role in childhood illness, for example, the human metapneumovirus \[[@CR213]\] and Boca virus \[[@CR214]\]. The latter only appears to have the greatest clinical impact when present in combination with other viruses. There are no reports of a significant direct renal pathology with these viruses.

***Adenovirus***. Adenovirus is a major cause of hemorrhagic cystitis and is commonly implicated as the cause of hemorrhagic cystitis in \[[@CR173]\]. Boys are affected more often than girls, and hematuria persists for 3--5 days. Microscopic hematuria, dysuria, and frequency may occur for longer periods. Adenovirus types 11 and 21 are the usual strains isolated. It has been implicated in causing necrotizing granulomatous tubulointerstitial nephritis in transplant recipients, primarily affecting the distal nephron \[[@CR174], [@CR175]\]. The prevalence of viremia in adult transplant recipients is estimated at 6.5 %. Case reports in adults have reported treatment with immunosuppressant reduction, intravenous cidofovir, and immunoglobulin to try and prevent rejection \[[@CR175]\].

***Enterovirus***. Picornaviruses, including enteroviruses, have been linked with acute nephritis and AKI associated with rhabdomyolysis. Coxsackie B virus can be isolated in urine. Direct infection of kidney cells is supported by in vitro work demonstrating lytic infection of human podocyte and proximal tubular epithelial cell cultures, although different strains exhibit variable degrees of nephrotropism. Renal damage in vivo may have both a direct lytic mechanism and an immune-complex basis \[[@CR176]\]. In the newborn, enteroviruses cause fulminant disease with DIC, shock, and liver failure, and AKI may occur.

***Influenza.*** Influenza A viruses are important infectious agents that have caused pandemics over the last two decades. The beginning of the last decade saw outbreaks of Avian flu (H~5~N~1~and H~7~N~7~), and the latter part of the decade dealt with the pandemic of H~1~N~1~. Both cause a flulike illness with prominent respiratory and gastrointestinal symptoms. Renal failure can develop as part of the critical illness, in particular renal tubular necrosis. The WHO recommends that a standard regimen of oseltamivir used to treat seasonal flu be used to treat H~5~N~1~, but in the severely ill higher doses may be required \[[@CR177], [@CR178]\]. Oseltamivir-resistant viruses have been reported in Southeast Asia. Peramivir and zanamivir have also been used to treat influenza A virus subtypes. Combinations of antiviral drugs with different modes of action have been explored to improve the outcome of influenza viremia, and studies are still underway in this area \[[@CR177]\].

***Measles Virus.*** Renal involvement from measles virus is uncommon, although measles virus can be cultured from the kidney in fatal cases. An acute GN has been reported to follow measles with evidence of immune deposits containing measles virus antigen within the glomeruli. The nephritis is generally self-limiting \[[@CR179]\].

***Mumps Virus.*** Mild renal involvement is common during the acute phase of mumps infection. One-third of children with mumps have abnormal urinalysis results, with microscopic hematuria or proteinuria. Mumps virus may be isolated from urine during the first 5 days of the illness, at a time when urinalysis findings are abnormal. Plasma creatinine concentrations usually remain normal, despite the abnormal urine sediment, but more severe cases in unvaccinated children have resulted in fatal interstitial nephritis with interstitial mononuclear cell infiltration, edema, and focal tubular epithelial cell damage \[[@CR180]\]. Renal biopsy specimens in adult mumps nephritis demonstrate an MPGN with deposition of IgA, IgM, C3, and mumps virus antigen in the glomeruli, which suggests an immune-complex-mediated process \[[@CR181]\].

Coronavirus {#Sec49}
-----------

Most coronavirus infections are mild respiratory infections with no renal involvement. Two highly pathogenic species are described, with renal cell tropism, and the renal effects of infection require further elucidation.

***SARS-CoV***. Severe acute respiratory syndrome (SARS) was first seen in South China in 2002. It is caused by a SARS coronavirus (SARS-CoV). Predominantly, it causes a viral pneumonia, with diffuse alveolar damage; it has considerable mortality \[[@CR182]\]. Renal effects are not generally significant in the pathophysiology of SARS. Acute renal impairment is uncommon in SARS but where present is associated with a high mortality and is a negative prognostic indicator for survival \[[@CR183]\]. Case reports have documented rhabdomyolysis in association with SARS and AKI as a cause for AKI. SARS-CoV has been found in the kidney tissue at postmortem \[[@CR184], [@CR185]\]. SARS-CoV enters cells via angiotensin-converting enzyme 2 (ACE2) \[[@CR186]\], and it is thought that the invasion of the kidney tissue reflects the virus' tropism for ACE2, which is expressed on kidney cells.

***Middle East Region Coronavirus (MERS-CoV)***. MERS-CoV causes an illness clinically similar to SARS-CoV. It was discovered following an outbreak in the Middle East in 2012, and new cases continue to arise. Mortality is high -- up to 40 %. AKI has been noted in a number of case reports. In vitro studies suggest that MERS-CoV has tropism for kidney epithelial cells \[[@CR187]\].

Parasitic Infections {#Sec50}
====================

Chronic exposure to infectious agents is a major factor in the increased prevalence of glomerular diseases in developing countries. Malaria is the best-documented parasitic infection associated with glomerular disease, but other parasitic infections including schistosomiasis, filariasis, leishmaniasis, and possibly helminth infections may also induce nephritis or nephrosis.

Malaria {#Sec51}
-------

### *Plasmodium malariae* and Quartan Malaria Nephropathy {#Sec52}

Malaria is estimated to cause up to 500 million clinical cases of illness and more than one million deaths each year. The association of *P. malariae* (quartan) malaria and nephritis has been well known in both temperate and tropical zones since the end of the nineteenth century.

Epidemiologic studies early evidence for a role of *Plasmodium malariae* in glomerular disease. Chronic renal disease was a major cause of morbidity and mortality in British Guiana in the 1920s. The frequent occurrence of *P. malariae* in the blood of these patients led to detailed epidemiologic studies that implicated malaria as a cause of the nephrosis. After the eradication of malaria from British Guiana, chronic renal disease ceased to be a major cause of death in that country \[[@CR188]\].

The link between malaria and nephrotic syndrome was strengthened by studies in West Africa in the 1950s and 1960s that demonstrated a high prevalence of nephrotic syndrome in the Nigerian population \[[@CR189]\]. The pattern of nephrotic syndrome differed from that in temperate climates, with an older peak age, extremely poor prognosis, and unusual histologic features. The incidence of *P. malariae* parasitemia in patients with the nephrotic syndrome in Nigeria was vastly in excess of that occurring in the general population, whereas the incidence of *Plasmodium falciparum* parasitemia was similar to that in the general population. The age distribution of nephrotic syndrome also closely paralleled that of *P. malariae* infection \[[@CR189]\]. In some affected patients, circulating immune complexes and immunoglobulin, complement, and antigens were present in the glomeruli that were recognized by *P. malariae*-specific antisera.

### Clinical and Histopathologic Features of Quartan Malaria Nephropathy {#Sec53}

Most patients have poorly selective proteinuria and are unresponsive to treatment with steroids or immunosuppressive agents. The characteristic lesions of quartan nephropathy are capillary wall thickening and segmental glomerular sclerosis, which lead to progressive glomerular changes and secondary tubular atrophy \[[@CR189]\]. Cellular proliferation is conspicuously absent. Electron microscopy shows foot-process fusion, thickening of the basement membrane, and increase in subendothelial basement membrane-like material. Immunofluorescent studies show granular deposits of immunoglobulin, complement, and *P. malariae* antigen in approximately one-third of patients. The prognosis for the nephrotic syndrome in most African studies has been poor, regardless of whether the histologic findings were typical of quartan malaria nephropathy or whether *P. malariae* parasitemia was implicated. Treatment with steroids and azathioprine is generally ineffective, and a significant proportion of patients progress to renal failure.

In addition to the histologic pattern, termed quartan malaria nephropathy, *P. malariae* infection is associated with a variety of other forms of histologic appearance, including proliferative GN and MGN.

Although quartan malaria nephropathy has been clearly linked to *P. malariae* infection in Nigeria, studies from other regions in Africa have not revealed the typical histopathologic findings described in the Nigerian studies. Furthermore, quartan malaria nephropathy may be seen in children with no evidence of *P. malariae* infection or deposition of malaria antigens in the kidney. This, together with the fact that antimalarial treatment does not affect the progression of the disorder, raises the possibility that factors other than malaria might be involved in the initiation and perpetuation of the disorder. There is now a view that the patterns of childhood renal disease described in the last century may no longer be representative of the current situation. The variable patterns of renal disease throughout Africa may no longer reflect a dominant role for "malarial glomerulopathy," and the relative causative role of tropical infections in nephropathy remains an unanswered question \[[@CR190]\]. Most likely, a number of different infectious processes, including malaria, hepatitis B, schistosomiasis, and perhaps other parasitic infections that cause chronic or persistent infections and often occur concurrently in malaria areas, may all result in glomerular injury and a range of overlapping histopathologic features.

### Renal Disease Associated with *Plasmodium falciparum* Infection {#Sec54}

*Plasmodium falciparum* appears to be much less likely to cause a significant glomerular pathology. Epidemiologic studies have failed to show a clear association between parasitemia and the nephrotic syndrome. Whereas renal failure appears to be a common complication of severe malaria in adults, it seldom occurs in children.

Renal biopsy specimens from adult patients with acute *P. falciparum* infections who have proteinuria or hematuria show evidence of glomerular changes, including hypercellularity, thickening of basement membranes, and hyperplasia and hypertrophy of endothelial cells \[[@CR191]\]. Electron microscopy reveals electron-dense deposits in the subendothelial and paramesangial areas. Deposits of IgM, with or without IgG, are localized mainly in the mesangial areas. *Plasmodium falciparum* antigens can be demonstrated in the mesangial areas and along the capillary wall, which suggests an immune-complex GN. The changes, generally mild and transient, are probably unrelated to the AKI that may complicate severe *P. falciparum* infection \[[@CR191]\]. Heavily parasitized erythrocytes play a central role in the various pathologic factors \[[@CR192]\].

Renal failure occurring in severe *P. falciparum* malaria is usually associated with acidosis, volume depletion, acute intravascular hemolysis, or heavy parasitic infection that leads to acute tubular necrosis. Recent studies have confirmed an important role for volume depletion in children with severe *Plasmodium falciparum* malaria, who characteristically have evidence of tachycardia, tachypnea, poor perfusion, and in severe cases hypotension \[[@CR193]\]. Volume expansion with either colloid or crystalloid results in improvement in hemodynamic indices and reduction in acidosis \[[@CR194]\]. However, a phase 3 randomized trial of 20--40 ml/kg albumin, saline, or maintenance fluids only showed increased mortality in patients receiving bolus fluids \[[@CR195]\]. This surprising finding has been intensively debated, and bolus fluids have been part of standard resuscitation measures for children with critical illness worldwide. A likely explanation for the adverse affects of fluid bolus is that deterioration in pulmonary or neurological condition was associated with fluid administration. As the trial was conducted in African countries where ventilator support was not available, it is not clear that the findings can be extrapolated to settings where ventilator support and modern intensive care are available. However in the light of this trial, routine volume expansion with colloid or crystalloid is currently not recommended for children with severe malaria in settings where intensive care monitoring and support is not available.

### Blackwater Fever {#Sec55}

The term blackwater fever refers to the combination of severe hemolysis, hemoglobinuria, and renal failure. It was more common at the start of the twentieth century in nonimmune individuals receiving intermittent quinine therapy for *P. falciparum* malaria. Blackwater fever has become rare since 1950, when quinine was replaced by chloroquine. However, the disease reappeared in the 1990s, after the increase in use of quinine because of the development of chloroquine-resistant organisms. Since then, several cases have been described after therapy with halofantrine and mefloquine, molecules similar to quinine (amino alcohol family) \[[@CR196]\]. Renal failure generally occurred in the context of severe hemolytic anemia, hemoglobinuria, and jaundice. The pathophysiology of the disorder is unclear; however, it appears that a double sensitization of the red blood cells to the *P. falciparum* and to the amino alcohols is necessary to provoke the hemolysis. Histopathologic findings include swelling and vacuolization of proximal tubules, necrosis and degeneration of more distal tubules, and hemoglobin deposition in the renal tubules. Recent studies indicate a better outcome with earlier initiation of intensive care and dialysis combined with necessary changes in antimalarial medications.

Schistosomiasis {#Sec56}
---------------

Schistosomiasis affects 200 million people living in endemic areas of Asia, Africa, and South America. The infection is usually acquired in childhood, but repeated infections occur throughout life. *Schistosoma japonicum* is found only in the Orient, whereas *Schistosoma haematobium* occurs throughout Africa, the Middle East, and areas of Southwest Asia. *Schistosoma mansoni* is widespread in Africa, South America, and Southwest Asia.

Human infection begins when the cercarial forms invade through the skin, develop into schistosomula, and move to the lungs via the lymphatics or blood. They then migrate to the liver and mature in the intrahepatic portal venules, where male/female pairing takes place. The adult worm pairs then migrate to their final resting site -- the venules of the mesenteric venous system of the large intestine (*S. mansoni*) or in the venules of the urinary tract (*S. haematobium*). The females release large numbers of eggs, which may remain embedded in the tissues, embolize to the liver or lungs, or pass into the feces or urine.

Clinical manifestations may occur at any stage of the infection. Cercarial invasion may cause an intense itchy papular rash. Katayama fever is an acute serum sickness-like illness that occurs several weeks after infection, as eggs are being deposited in the tissues. Deposition of the eggs in tissues results in inflammation of the intestines, fibrosis of the liver, and portal hypertension. With *S. haematobium*, chronic inflammation and fibrosis of the ureters and bladder may lead to obstructive uropathy.

Renal manifestations of schistosomiasis occur most commonly in *S. mansoni* infection \[[@CR197]\]. Schistosomal nephropathy usually presents with symptoms including granulomatous inflammation in the ureters and bladder, but glomerular disease (probably on an immune-complex basis) may also occur. Renal disease usually occurs in older children or young adults with long-term infection, but serious disease may also occur in young children. There have been isolated case reports of young children presenting with nephrotic syndrome secondary to *Schistosoma haematobium* infection directly causing membranoproliferative glomerulonephritis \[[@CR198]\].

The early renal tract manifestations of schistosomiasis are suprapubic discomfort, frequency, dysuria, and terminal hematuria. In more severe cases, evidence of urinary obstruction appears. Poor urinary stream, straining on micturition, a feeling of incomplete bladder emptying, and a constant urge to urinate may be severely disabling symptoms. The fibrosis and inflammation of ureters, urethra, and bladder may be followed by calcification and may result in hydroureter, hydronephrosis, and bladder neck obstruction. Renal failure may ultimately develop, and there is a suspicion that squamous cell carcinoma of the bladder may be linked to the chronic infective and inflammatory process. Secondary bacterial infection is common within the obstructed and inflamed urinary tract.

The hepatosplenic form of *S. mansoni* infection may be accompanied by a glomerulopathy in 12--15 % of cases, manifested in the majority as nephrotic syndrome. Histopathologic findings include mesangioproliferative GN, focal segmental glomerulosclerosis, mesangiocapillary GN, MGN, and focal segmental hyalinosis. Immune complexes may be detected in the circulation of these patients, and glomerular granular deposition of IgM, C3, and schistosomal antigens are seen on immunofluorescence \[[@CR197]\]. Usually schistosoma-specific nephropathy is a progressive disease and is not influenced by antiparasitic or immunosuppressive therapy.

The diagnosis is confirmed by the detection of schistosomula eggs in feces, urine, or biopsy specimens. Eggs are shed into the urine with a diurnal rhythm, and urine collected between 11 AM and 1 PM is the most useful. Urinary sediment obtained by centrifugation or filtration through a Nuclepore membrane should be examined. In cases in which studies of urine and feces yield negative results in patients in whom the diagnosis is suspected, rectal biopsy specimens taken approximately 9 cm from the anus have a high diagnostic yield for both *S. mansoni* and *S. haematobium* infection. Biopsy of the liver or bladder may be required to establish the diagnosis. Antibodies indicating previous infection can be detected using enzyme-linked immunosorbent assay or radioimmunoassay. The tests are sensitive but lack specificity and may not differentiate between past exposure and current infection.

Praziquantel is the drug of choice for treatment of schistosomiasis. A single oral dose of 40 mg/kg is effective in *S. haematobium* and *S. mansoni* infection and is usually well tolerated. The alternative drug for *S. mansoni* infection is oxamniquine. Complete remission of urinary symptoms may occur in renal disease of short duration, but in late disease with extensive fibrosis, scarring, and calcification, obstructive uropathy and renal failure may persist after the infection has been eradicated.

Leishmaniasis {#Sec57}
-------------

Visceral leishmaniasis is a chronic protozoon infection characterized by fever, hepatosplenomegaly, anemia, leukopenia, and hyperglobulinemia \[[@CR199]\]. Proteinuria and/or microscopic hematuria or pyuria has been reported in 50 % of patients with visceral leishmaniasis. AKI in association with interstitial nephritis has also been reported. Renal histologic analysis in patients with visceral leishmaniasis reveals glomerular changes, with features of a mesangial proliferative GN or a focal proliferative GN, or a generalized interstitial nephritis with interstitial edema, mononuclear cell infiltration, and focal tubular degeneration. Immunofluorescence reveals deposition of IgG, IgM, and C3 within the glomeruli, as well as electron-dense deposits in the basement membrane and mesangium on electron microscopy \[[@CR200]\]. Circulating immune complexes together with immunoglobulin and complement deposition in the glomeruli suggests an immune-complex cause. Renal disease in leishmaniasis is usually mild and may resolve after treatment of the infection. Renal dysfunction may be associated with treatment for visceral leishmaniasis with antimony compounds.

Filariasis {#Sec58}
----------

Proteinuria is more common in filarial hyperendemic regions of West Africa than in nonfilarial areas. Renal histologic analysis has shown a variety of different histopathologic appearances; the most common is diffuse mesangial proliferative GN with C3 deposition in the glomeruli \[[@CR201]\]. Renal biopsy specimens also demonstrate large numbers of eosinophils in the glomeruli, and microfilariae may be seen in the lumen of glomerular capillaries. Filarial antigens have been detected within immune deposits within the glomeruli. Lymphatic filariasis is also associated with chyluria \[[@CR202]\].

### Hydatid Disease {#Sec59}

*Echinococcus granulosus* causes chronic cysts within a variety of organs \[[@CR203]\]. In addition, nephrotic syndrome in association with hydatid disease has been reported. Membranous nephropathy, minimal change lesions, and mesangiocapillary GN have been described in association with hydatid disease \[[@CR204]\]. Immunofluorescence reveals deposits of immunoglobulin, complement, and hydatid antigens within the glomeruli. Remission of nephrotic syndrome has been reported with treatment by antiparasitic agents such as albendazole.

### Toxoplasmosis {#Sec60}

Nephrotic syndrome has occasionally been reported as a manifestation of congenital toxoplasmosis.

Dissemination of previously latent toxoplasma infection in patients undergoing treatment with immunosuppressive drugs has been increasingly recognized in recent years. Reactivation of toxoplasmosis or progression of recently acquired primary infection should be considered in patients undergoing renal transplantation or immunotherapy for renal disease who develop unexplained inflammation of any organ.

Fungal Infections {#Sec61}
=================

Fungal infections of the kidneys and urinary tract occur most commonly as part of systemic fungal infections in patients with underlying immunodeficiency, as focal urinary tract infections in patients with obstructive lesions, or as a result of indwelling catheters \[[@CR205]\]. Although candidal infection is the most common fungal infection in both immunocompromised and nonimmunocompromised hosts, virtually all other fungal pathogens may invade the renal tract during severe immunocompromise.

Urinary infection with *Candida albicans* is most commonly a component of systemic candidiasis in patients who are severely immunocompromised. Systemic candidiasis is also seen in premature and term infants with perinatally acquired invasive candidiasis. Presentation is usually with systemic sepsis, fever or hypothermia, hepatosplenomegaly, erythematous rash, and thrombocytopenia. Systemic candidiasis may be seen on ophthalmologic investigation as microemboli in the retina. The first clue to the underlying diagnosis may be the presence of yeasts in the urine.

Candidal involvement of the urinary tract may affect all structures including the glomeruli, tubules, collecting system, ureters, and bladder. Microabscesses may form within the renal parenchyma, and large balls of fungi may completely obstruct the urinary tract at any level. AKI caused by systemic candidiasis or obstruction of the renal tracts with fungal hyphae is a well-recognized complication of systemic candidal infection. Indwelling catheters (which form a nidus for persistent infection) should be removed \[[@CR205]\]. Successful treatment of nonobstructing bilateral renal fungal balls by fluconazole either alone or in combination with liposomal amphotericin B has been reported \[[@CR206]\]. In the presence of obstruction, however, percutaneous nephrostomy to relieve the obstruction with anterograde amphotericin B irrigation, coupled with systemic antifungal therapy, is the mainstay of treatment. Amphotericin B is the most effective antifungal agent, but it is not excreted in the urine. Local irrigation via nephrostomy provides good results, however. For treatment of urinary tract candidiasis, it is usually combined with fluconazole or 5-flucytosine, both of which are excreted in high concentrations in the urine. Treatment is required for weeks to months to ensure complete elimination of the fungus, and the ultimate outcome is largely dependent on whether there is a permanent defect in immunity.

Miscellaneous Conditions {#Sec62}
========================

Hemorrhagic Shock and Encephalopathy {#Sec63}
------------------------------------

In 1983, Levin et al. first described hemorrhagic shock and encephalopathy, which appeared to be distinct from previously recognized pediatric disorders \[[@CR207]\]. Other cases have subsequently been reported from several centers in the United Kingdom, Europe, Israel, the United States, and Australia, and the syndrome is now recognized as a distinct severe childhood disorder.

Hemorrhagic shock and encephalopathy usually affect infants in the first year of life, with a peak onset at 3--4 months of age. A prodromal illness with fever, irritability, diarrhea, or upper respiratory infection occurs 2--5 days before the onset in two-thirds of cases. Affected infants develop profound shock, coma, convulsions, bleeding and evidence of DIC, diarrhea, and oliguria. Laboratory findings include acidosis, falling hemoglobin and platelet levels, elevated urea and creatinine levels, and elevated levels of hepatic transaminases. Despite vigorous intensive care, the prognosis is poor, and most affected infants die or are left severely neurologically damaged \[[@CR208]\]. A small number of patients have been reported to survive without residual sequelae.

The renal impairment appears to be largely prerenal in origin, and when aggressive volume replacement and treatment of the shock results in improved renal perfusion, rapid improvement in renal function is usually observed. In patients with profound shock unresponsive to initial resuscitation, vasomotor nephropathy supervenes and dialysis may be required. Myoglobinuria in association with hemorrhagic shock and encephalopathy has been reported.

Kawasaki Disease {#Sec64}
----------------

Following the description of the mucocutaneous lymph node syndrome by Kawasaki in 1968, Kawasaki disease (KD) has been recognized as a common and serious childhood illness with a worldwide distribution. Although the etiology remains unknown, epidemiologic features clearly suggest an infective cause. The disease occurs in epidemics, and wavelike spread has been demonstrated during outbreaks in Japan (see 10.1007/978-3-662-43596-0_41). The main complication of KD is the development of a vasculitis affecting the small- and medium-sized muscular arteries. Although the coronary arteries are most commonly affected in severe cases, the vasculitis can be widespread and affect axillary, femoral, carotid, renal, and mesenteric arteries \[[@CR209]\].

Renal involvement in KD is common, with proteinuria and sterile pyuria being commonly detected during the acute disease \[[@CR210]\]. More severe kidney involvement is less common, but there are reports of a broad spectrum of other kidney involvement including acute kidney injury, interstitial nephritis, immune-complex nephritis, nephrotic syndrome, and hemolytic uremic syndrome. The vasculitis of KD involves neutrophil and lymphocytic influx into the vessel wall, with destruction of the intima and media. Involvement of extrarenal or intrarenal vasculature can result in areas of infarction or in hypertension.

Reported histological features in KD patients with more severe forms of renal involvement include interstitial infiltration of leukocytes, immune-complex nephritis, swelling of endothelial and mesangial cells, dense deposits, and vasculitis \[[@CR210]\]. Treatment of KD is aimed at rapid cessation of the inflammatory process. In patients who do not respond to intravenous immunoglobulin, addition of other anti-inflammatory agents including steroids, anti-TNF agents, anakinra, or cyclosporine has been reported to be beneficial.

Xanthogranulomatous Pyelonephritis (XGP) {#Sec65}
----------------------------------------

XGP is a chronic inflammatory disorder of the kidney that invades the parenchyma, characterized by granulomatous inflammation with giant cells and foamy histiocytes. Most are unilateral and are caused by urinary tract obstruction, infection, nephrolithiasis, diabetes, and/or immunocompromise. It is rare in children, but when it occurs, it typically affects boys under 8 years of age \[[@CR211]\]. A case series by Quinn et al. showed an incidence of 6/1,000 surgically proven chronic pyelonephritis. Case reports have associated it with renal vein thrombi \[[@CR212]\]. It presents with anorexia, weight loss, fever, chills, and dull, persistent flank pain. It occurs in 1 % of all renal infections, and *E. coli*, *Proteus*, and *Pseudomonas* infections are implicated. XGP has also been referred to as a pseudotumor as it can be radiologically and clinically indistinguishable from renal carcinoma. The treatment is surgical \[[@CR211]\].
